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INTRODUCTION 


The major portion of the work upon which this report is based was 
carried on in 1920, 1923, and 1924 as part of a general study of the 
diseases of cereals caused by Gibberella saubinetii (Mont.) Sacc. and by 
certain species of Fusarium. The present paper describes inoculation 
experiments and histological studies of wheat scab, or head blight, 
caused by G. saubinetii, together with such macroscopic observations 
as have a direct bearing on the host-fungus relationship. 


WHEAT SCAB A FLORAL INFECTION 


According to Palchevsky (6),*° Woronin in 1889 observed that wheat 
kernels infected with the y nidial stage of Gibberella saubinetii, which 
he called Fusarium roseum Lk., were considerably lighter in weight 
than normal kernels. Woronin did not, however, investigate the 
method of infection or the factors influencing the severity of the 
disease. 

In 1891, Arthur (2) reported that wheat scab is a floral infection. 
He states that the spores of the fungus blow through the air and lodge 
on the delicate parts inside the flower, and that the fungus soon 
penetrates the kernel, sapping its life, and forms new spores, which 
may spread to other flowers throughout the field. Atanasoff (3) also 
concluded that infection was local rather than systemic. 


SYMPTOMS 


Wheat scab, or hesd blight, is found throughout the wheat-growing 
areas of the Corn Belt. If conditions are favorable for its develop- 
ment and spread, the disease, by preventing the normal growth of 
infected kernels, may cause a marked reduction in yield; and, because 
of the metabolic processes of the fungus within the kernels, the grain 
produced will be of inferior quality. ‘Fig. 1, A.) 


1 Received for publication Aug. 10, 1932; ned June, 1933. ‘ Commmidions investigations : hetaene the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, and the 
Wisconsin Agricultural Experiment Station. 

? The writers wish to acknowledge their indebtedness to Eugene H. Herrling, of the Department of Plant 
Pathology, U Jniversity of Wisconsin, for making a large number of the photomicrographs used in the paper. 
’ Reference is made by number (italic) to Literature Cited, p. 797. 
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The first symptom of infection within a spikelet may be a pinkish 
tint in the anthers protruding between the glumes, or a water-soaked 
area on a glume that first turns purplish brown and then loses its 


C 


FIGURE 1.—A, Healthy kernels of wheat (left) and blighted or scabbed kernels (right); B, perithecia 
of Gibberella saubinetii on glumes and rachilla of infected spikelet of wheat; C, normal green head 
of wheat (left) and two infected heads (right), lower spikelets on middle head not diseased; D, 
ny spikelet containing caught anthers (a) and showing fungus growth on external surface of 
glumes 


color. Later on, masses of conidia often give a pink color to the 
margins or surfaces of the glumes. (Fig.1,D.) Small blue perithecia 
may occur on the glumes or at the base of spikelets, especially. in 
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certain bearded winter wheats. (Fig.1,B.) If only scattered spikelets 
are infected, their smaller size and bleached glumes form a marked 
contrast to the adjacent normal green spikelets. The first infection 
usually occurs near the middle of the head. Spikelets just above and 
below those first attacked often develop the disease, and finally the 
entire head may be killed, as indicated by the characteristic bleached- 
straw color. (Fig. 1, C.) 


MATERIAL AND METHODS 


The experiments reported in this paper were carried out in the field 
and in greenhouses at the University of Wisconsin, Madison, Wis. 
Inoculations were made almost exclusively on pure-line Marquis and 
Prelude wheats. In the field, infections were studied as they occurred 
naturally and as they resulted from inoculations with a conidial sus- 
pension of Gibberella saubinetii on wheat heads in various stages of 
development, kept at the necessary high humidity in glassine bags 
during the period of incubation. In the greenhouse, plants in flats 
were brought to flowering by the aid of artificial light, so that they 
were ready for inoculation in the early spring. After inoculation the 
plants were placed in chambers in which the conditions of temperature 
and humidity could be controlled. The chambers were kept at con- 
stant temperatures of approximately 12°, 20°, 24°, 28°, and 32° C. 
At 28° and 32° the relative humidity was maintained at 70 to 75 
percent. At the lower temperatures the humidity was lowered until 
the rate of evaporation, as indicated by the Livingston atmometer, 
was the same as that maintained at the higher temperatures. Notes 
were taken on the progress of infection until the disease had run its 
course or the heads were harvested. 

The stages of development of the wheat heads recorded in the tables 
were determined by observation at the time of inoculation. Individ- 
ual spikelets were recorded as ‘‘flowering”’ if one or more flowers dis- 
played anthers that were not fully discharged. When the anthers 
were white and appeared to contain no pollen the spikelet was consid- 
ered to be in the “past-flowering, A” stage. The period from the 
time when anthers no longer adhered externally to the glumes to the 
soft-dough stage was termed the “past-flowering, B”’ period in the 
development of the kernel. 

The greater part. of the histological material studied was killed in 
Gilson’s fixative* or in Juel’s zinc-chloride fixative,> embedded in 
paraffin, sectioned, and stained in Delafield’s haematoxylin and 
erythrosin. The difficulty usually encountered in cutting serial sec- 
tions of entire spikelets was overcome by demineralization with hydro- 
fluoric acid. After being killed and partly dehydrated, entire spikelets 
as well as the hard mature kernels were immersed for 72 hours in equal 
parts of hydrofluoric acid and 70 per cent alcohol. For spikelets in 
the flowering stage, 53 hours’ treatment with the hydrofluoric acid ' 
solution proved sufficient. The material was then washed in water 
for 24 hours and put through the paraffin-embedding process. Szom- 
bathy’s “tanning” process, as recommended by Artschwager (9), was 
employed in fixing the paraffin ribbons to the slides. 








* Gilson’s fixative: 95 per cent alcohol, 126 cc; distilled water, 180 cc; glacial acetic acid, 54 cc; concen- 
trated nitric acid, 6 cc; mercuric chloride (saturated solution), 33 ce. 
5 Juel’s fixative: zinc chloride, 10 g; glacial acetic acid, 10 g; 50 per cent alcohol, 500 cc. 
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FIELD AND GREENHOUSE STUDIES 


INITIAL INFECTION AND INCUBATION PERIOD 


In the greenhouse and in the field, studies were made on initial in- 
fection and length of incubation period in wheat scab as influenced by 
temperature, humidity, and the stage of development of the wheat 
head. 

In the greenhouse in 1923 and 1924, inoculation of the heads was 
more effective at flowering time than at earlier stages, though under 
certain conditions there was a relatively high percentage of infection 
when the inoculum 
was applied in the out- 
of-the-boot and be- 
fore-flowering stages. 
(Table 1.) In all 


vases it was necessary 


0.40|—_ — —-—— —~ gy — : lho: : 
to maintain a high at- 
mospheric humidity, 
without which infec- 
tion is difficult. In 
aso! = | @ #& the field, in 1924, in- 
oculations made at 
flowering time or just 
previously gave the 
highest percentages 
| ss of infected kernels 
\l 2 3 a 5 6/ ° 


. r ‘ 
STAGES INOCULATED INOCULATED sas head. (Table 2.) 
FiGurRE 2.—Relation between stage of development in which heads I erhaps the best indi- 
were bagged and inoculated and the weight of grain per head. (Data egtion of the relation 
eee between the stage of 
development of the host and the severity of infection is the reduction 
in weight of infected kernels per head. Table 2 and Figure 2 show that 
the greatest reduction in weight of kernels occurred in heads inoculated 
at flowering time. The percentage of infection in both Marquis and 
Prelude wheat increased asthetemperaturerose. (Table3.) At 12°C. 
infection occurred on extruded anthers but did not spread into the 
living tissues. 


° 
a 
°o 


AVERAGE WEIGHT OF KERNELS PER HEAD (GRAM) 








TABLE 1.—IJnfection in heads of wheat inoculated at various stages of development 
with Gibberella saubinetit and incubated during the progress of infection at 20°, 
28°, and 32° C. 


Prelude wheat ¢ Marquis wheat 
Stage of development at inoculation Heads Heads 
ads ads 
inocu- Heads infected inocu- Heads infected 
lated lated 


| 
Number | Number | Per cent | Number | Number | Per cent 


In boot 33 0} 0 15 1 6.6 
Half out of boot 13 0 | 0 17 l 5.8 
Out of boot 14 0} 0 51 31 60.7 
Before flowering-_-. 52 14 26.9 100 55 55.0 
Flowering ‘ 81 31 38. 2 143 98 68.5 


* Notes taken for one week only because of injury by fumigation. 
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TABLE 2.—Average number of kernels, percentage of infected kernels, and percentage 
reduction in weight of kernels, per head, of Marquis wheat inoculated in the field 
at various stages of development with Gibberella saubinetii 


Healthy-kernel 


Infected-kernel data 


data 
Average 
reduc- 
Stage of development at tion in 
inoculation weight 


Heads | }¥erage | Heads | Infected | Heads | of ker- 
0 “y - ™ - Ww aig ey s 
counted | por head | Counted | ier head | Weighed ae 
lowing 
inocu- 
lation 


Number | Number | Number | Per cent | Number | Per cent 


1. In boot 7 18.8 2 7. 98 5 11.1 
2. Emerging from boot oa 17 | 21.2 7 22..2 11 37.7 
3. Half out of boot to before flowering 71 17.1 45 56. 6 26 58.4 
4. Flowering ‘ : 15 19.9 ll 50.0 17 63.0 
5. Past flowering, A : 16 25.0 ll 43. 24 15 52.9 
6. Past flowering, B re 30 24.8 19 35. 2 31 20.4 
Control (not inoculated or bagged) 100 23.8 100 0 18 0 


TABLE 3.—Infection in heads of Prelude and Marquis wheat inoculated at various 
stages of development with Gibberella saubinetii and incubated at various tempera- 
tures during the development of the disease 


Prelude wheat Marquis wheat 
Temperature during incubation 
°C Heads Heads 
inocu- Heads infected inocu- Heads infected 
lated lated 


Number | Number | Per cent | Number | Number | Per cent 


12 124 0 0 
20 52 1 1.9 150 67 44.6 
28 60 12 20.0 176 118 67.0 
32 81 32 39.5 


In the greenhouse, the length of the incubation period was influ- 
enced by temperature, the higher temperatures accelerating the ap- 
pearance of the disease. (Table 4.) The length of the incubation period 
varied also with the stage of development of the spikelet, decreasing 
as the plants matured, as shown by inoculations made July 16 to 25, 
1924. (Table 5.) Although inoculum was applied in some instances 
as early as the out-of-the-boot stage, infection was not evident until 
the flowering stage. Such an interval implies either that infection 
may have occurred early but developed so slowly that it was not 
apparent until flowering time or that it actually did not occur before 
the flowering stage. Microscopic examination of sectioned material 
indicated that the latter supposition is correct. Moreover, under 
favorable conditions, the fungus may remain viable on the head for a 
number of days. In that case, the progress of infection on the wheat 
head might be expected to follow, to some extent at least, the progress 
of anthesis. 
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TABLE 4.—I ncubation periods at various temperatures after inoculation of heads 
of Marquis wheat, in the before-flowering and flowering stages, with Gibberella 
saubinetii 


. Average 
Average Tempera- Heads | length of 
: I 
u 


Tempera- Heads length of || ! e 
ture Stage of development | inocu- inenhe- |i re Stage of development | inocu- | incuba- 
, ‘a °C 


° > n | inc 
. lated | tion period mated A. 


Number| Days Number 
Before flowering 11 | 16.4 || 2 Flowering-_- 16 
Flowering 8 15.8 || 33 Before flowering - 6 
Before flowering 16 10.1 || 32_- Flowering 21 


TABLE 5.—I ncubation periods after inoculation, in the field, of heads of Marquis 
wheat, in various stages of development, with Gibberella saubinetii 


Average | Average 
Heads | length of ° Heads | length of 
Stage of development inocu- | inecuba- Stage of development inocu- | incuba- 
lated tion lated tion 
period period 


Number Days Number| Days 
Emerging from boot 18 412 Flowering 47 | 3.6 
Half out of boot 40 6.9 || Past flowering, A 25 af 
Out of boot 35 6.6 || Past flowering, B 35 : 
Before flowering 28 4.1 


* Period probably too long. No reading for two days preceding the record of first infection. 
ANTHESIS AND THE PROGRESS OF INFECTION 


Concerning the interval between emergence from the boot and 
flowering, Percival says (7, p. 122, 124): 

Anthesis, or opening of the flower, follows the escape of the ear from the upper 
leaf-sheath in five or six days, although in some instances it occurs on the first 
day, or may be delayed until the ninth day after the appearance of the ear 
* * *. In ears possessing 16-18 spikelets the 8th to 12th usually open first; 
in those with 28-30, the 16th to 20th. Anthesis proceeds upwards and down- 
wards from these points in more or less regular succession, the apical and basal 
spikelets being the last to flower. 

According to Leighty and Sando (5, p. 236), it seems to be the con- 
sensus of opinion that the first spikelets to flower are situated in the 
upper part of the middle third of the head, or in the lower half of the 
upper third. They say that, considering the head as a whole, the 
flowers above the first flower to bloom complete their blossoming 
before those situated below this flower. In the spikelet, the lowest 
flower usually blooms first, followed by the others in order from lowest 
to highest on successive days. They also state (5, p. 240) that it 
seems evident— 

That temperature, rainfall, and sunshine are intimately associated with the 
blooming of wheat flowers * * *. Temperature, however, seems to be the 
most important of the meteorological influences affecting blooming. 

In the experiments that they recorded, the maximum blooming 
occurred on May 15 and 16, days when the temperatures were 76° 
and 78° F., respectively, and when almost perfect sunshine with no 
rainfall was registered. Anthers in flowers opening on clear days 
dehisced more rapidly than those in flowers opening on cloudy days. 
They state that— 
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Cloudiness or rain has the effect of retarding blooming, principally through the 
lowering of the temperature to a point below the optimum for this process. On 
cloudy or rainy days, however, when the temperature is favorable for blooming 
the flowers either open incompletely or bloom cleistogamously. On May 18 
flowers were observed opening in a drizzling rain and pollen was shed from the 
anthers. No flowers were observed to open at any time during a rain of such 
intensity as to permit droplets of water to adhere to the glumes. 


In 1923, experiments on 27 heads of Marquis wheat inoculated 
before blossoming by spraying with a conidial suspension of Gibberella 
saubinetii and incubated under controlled conditions of temperature 
and humidity showed that the location of first infections paralleled 
somewhat the theoretical progress of anthesis, as illustrated in the 
following tabulation: 

Number of Number of 
Spikelet first Spikelet first 
No.6 infections’ No.# infections * 


6 


." 


In these inoculations, 77.1 per cent of the first infections were 
recorded as occurring on spikelets 5 to 9. No record was made 
of the average number of spikelets per head. The heads were, how- 
ever, shorter than those grown in the field, which averaged a little 
more than 16 spikelets per head. 

In 1924, inoculations were made in the field on heads of Marquis 
wheat that were flowering. Individual spikelets of these heads 
were recorded as “before flowering’’, “‘flowering’’, and ‘‘after flower- 
ing’. The record of first infections on 25 of these heads showed 
27 per cent of the first infections in spikelets that had not yet reached 
the flowering stage at the time of inoculation, 53 per cent in those 
that were in the flowering stage, and 18 per cent in those that were 
in the past flowering stage at the time of inoculation. 

In 1923, heads of Marquis wheat in the early-flowering stage 
were inoculated with a conidial suspension of Gibberella sawbinetir 
and incubated at 20° and 28° C. The results (Table 6) show that 
all first infections occurred on spikelets in flower or on spikelets 
adjacent to them. 

On July 18, 1924, heads of Marquis wheat in the early-flowering 
stage were inoculated in the field with a conidial suspension of 
Gibberella saubinetii. The results (Table 7), with two exceptions, 
were similar to those obtained in the preceding experiment. 

On July 19, 1924, heads of Marquis wheat in the flowering and 
past-flowering stages were inoculated in the field with a conidial 
suspension of Gibberella saubinetii. The results (Table 8) show 
that the position of first infection was less regular than in the two 
previous experiments. Because of the difficulty of determining the 
later stages in the development of the spikelets, errors are more apt 
to occur than in records of the earlier stages. Nevertheless, Table 
8 indicates that first infections follow in some measure the progress 
of anthesis, since the larger percentage of first infections on the 


6 Spikelets are numbered from base of head upward. : ; 
7 In some cases 2 adjoining spikelets on a head were found infected at the first reading. 
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lower spikelets occurred on the more mature heads. In Table 
the percentage of infections occurring below spikelet 7 is 42.3; in 
Table 7, 20. 

It is difficult to compare the progress of infection on wheat heads 
with the progress of anthesis because both are often irregular. 
Apparently there are numerous exceptions to the general order of 
progression in flowering upward and downward from some spikelet 
in the w® part of the middle third of the head. According to 
Percival (7, p. 124), ‘‘Sometimes 4 or 5 spikelets on one side open 
before the rest; in other cases adjacent spikelets on opposite sides 
of the rachis flower almost simultaneously.’”’ Data on the progress 
of infection by spikelets on heads inoculated before blossoming and 
incubated at 20° and 28° C. are given in Tables 9 and 10. It will 
be noted that in some cases the progress of infection seems to parallel 
the theoretical progress of anthesis. In other cases the relation- 
ship is not so evident. 

In order to learn the trend of infection, two composite heads, A 
and B, were constructed from Tables 9 and 10, respectively. The 
resulting summaries are given in Table 11. 

In head A infection first appeared in spikelet 7 and spread upward 
and downward, the basal spikelet being the last to show infection. 
The time between the appearance of the first infection and the infec- 
tion of the basal spikelet was 8.5 days. 

In head B infection first appeared in spikelet 9, and in 4 days 
spread upward to spikelet 15 and downward to spikelet 4. Heads 
362 and 410, of Table 10, were irregular from the standpoint of the 
theoretical progress of anthesis. As a result, infection appeared in 
the first three spikelets of head B, before it appeared in spikelet 4. 
Otherwise the progress of infection upward and downward from the 
initial infection followed the theoretical order of anthesis. At 28° C. 
the time between the first infection and the last infection on head B 
was 4 days. This period, compared with the 8.5 days at 20° required 
to complete the spread of infection in head A, corresponds with the 
probable difference in the rate of flowering at the two va at to 
Concerning the time required for flowering, Percival (7, p. 124, 12 
says: 

At Reading the whole ear often completes its flowering in 3 to 5 days when the 
air is warm and the sky clear; in wet or dull weather the period is prolonged to 
6 or 8 days. 

In view of the possibility that infection may proceed through the 
rachis from the spikelets first infected to adjoining spikelets, a study 
was made of serial sections of the rachis on either side of visibly 
infected spikelets and also of serial sections of apparently clean spike- 
lets adjoming spikelets visibly infected at the time of fixation. 
Mycelium was found to have advanced from infected spikelets through 
the rachis for some distance in both directions, but in the sections 
examined it had not actually invaded the adjoining spikelets. Evi- 
dently this rachis infection usually resulted in cutting off the food 
and water supply of spikelets as well as in producing toxic by-products, 
thus bleaching the spikelets and shriveling the kernels. These symp- 
toms may easily be confused with those produced by the presence 
of mycelium within the spikelets. Often the real condition can be 
determined only by plating the kernels, or by microscopic ex- 
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amination of sectioned material. Undoubtedly some of the spikelets 
recorded as infected in Tables 7, 8, 9, 10, and 11 may be of this type. 
It is also conceivable that long intervals between initial infection and 
infection of neighboring spikelets may indicate infection through the 
rachis rather than from the exterior. 


TABLE 6.—Position of spikelets showing first infections in heads of Marquis wheat 
inoculated in the early-flowering stage with Gibberella saubinetii and incubated 
at 20° and 28° C. 


[F denotes flowering stage; asterisk (*), first infection] 
Spikelet Nos.« flowering when inoculated and those showing first infections 


Temperature | Head 
(* C.) No. 


1 2 3 4 5 6 7 s i) 10 | 11 12 | 13 | 14 15 
20 360 ‘ ig F F F F F* 
20 361 |_. F*| F F F F*| F F F F 
20 465 iri 
20 = 468 F F F F* 
20 471 F F*; F F F F F F F F 
28 365 F F F F F F F F*| F 
28 368 F F F F F*; F F F F 
28 369 F* 
28 433 F F F F F F F | (*) 
28 439 F F F F*; F F F F F F F 
28 440 vei PF F F F F F F F F F 
28 445 F F F F F* 
28 ; 450 F F F F*| F F F F 
28 ? 451 F F F F F F F* 
28 460 (*) F F F F F i ©) 


* Spikelets are numbered from base of head upward. 

TABLE 7.—Position of spikelets showing first infections in heads of Marquis wheat 
inoculated in the field, in the early-flowering stage, with Gibberella saubinetii 
[F denotes flowering stage; asterisk (*), first infection] 

Spikelet Nos.¢ flowering when inoculated and those showing first infections 
Head No 





584 F* F F F F (*) 
BRA F F F F oo FE 
587 F F F F F F (*) 
588 F F F F (*) 
589 F* F F F F 
590 - F* F F* F F 
91 - (*) (*) F F F F F 
592 F F F* F F 
193 (*) F F F F F F 
594 (*) F* F F* F F 
195, F F* F F* 
; 596 F* be 
\ 598 (*) F F* F F F F F 
‘ 599 F i F F F (*) 
601 (*) F b F b F 
Fi 602 (*) F* F F (*) 
$y 603 ¢*) F F F F F 
604 F F* F F 
605 F* F* F* F F 
606 F* F F F 
607 F F F F* F F F F F 
608 F F F* 
609 F* F F F F F (*) 
610 (*) F F F 
611 F F* F F* 


* Spikelets are numbered from base of head upward. 
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TaBLE 8.—Position of spikelets showing first infections in heads of Marquis wheat 
containing spikelets in the before-flowering, flowering, and past-flowering stages 
when inoculated in the field with Gibberella saubinetii 


[F denotes flowering stage; P, past-flowering stage; asterisk (*), first infection] 





Spikelet Nos.¢ flowering and past flowering when inoculated and those showing first 
| infections 
Head No. | 


622_- 
624 
626 
628 
630 
632 
633 
634 
636 
637 
638 
639 
640 
641 
642 


* 


mr: mh 


mr OO! Oy aay 
Le La-La-La-La-la-La) 


* Spikelets are numbered from base of head upward. 


TaBLE 9.—Progress of infection by spikelets on heads of Marquis wheat inoculated 
before flowering with Gibberella saubinetit and incubated at 20° C. 


[Asterisk (*) denotes first infection] 


Position of first infection and interval (in days) between first and 


. later infections for spikelet No.o— 
Stage of development 


PAC 4 J . 
when inoculated Head No 


388 

391 
Out of boot 398 
399 i 
406 | 2] 
493 ‘ 


Before flowering 498 | 


wo@wrmaue: 


* Spikelets are numbered from base of head upward. 


TaBLE 10.—Progress of infection by spikelets on heaas of Marquis wheat inoculated 
in the out-of-the-boot stage with Gibberella saubinetii and incubated at 28° C. 


[Asterisk (*) denotes first infection] 


Position of first infections and interval (in days) between first and later infections 
for spikelet No.-— 
Head No 


* Spikelets are numbered from base of head upward. 
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TABLE 11.—Progress of infection by spikelets on two composite heads * of Marquis 
wheat 


[Asterisk (*) denotes first infection] 


‘ Position of first infections and interval (in days) between first and later infections 
Tem- for spikelet No. — 

pera- | 

ture s - ; Toate 6 . , * 


= 
orl si eis 5 | 6 |s | ¢ 12 3 | 14 15 


Composite head 


.¢ .¢ | (@) | 4 
mers 


« Method of construction of composite head A: The position of the spikelet in which first infection would 
occur in the composite head was determined by multiplying the number of times first infection occurred 
on each spikelet by the position number of that spikelet; the sum of these products divided by the total 
number of first infections gave the location of initial infection in the composite head as 6.63, or spikelet 7. 
The heads in Table 9 were then shifted in such a manner that all first infections fell in the seventh spikelet 
position, and the mean interval of time between the first and later infections was determined for each 
spikelet position. 

» Spikelets are numbered from base of head upward. 


A possible explanation of the occurrence of infection at blossoming 
time was suggested by Atanasoff (4, p. 90). He says that “Fusaria 
can not infect the cereal crops before the plants have passed the blos- 
soming period, i. e., before they cease rapid development and cell 
division.” It is characteristic of weak parasites that they are more 
destructive when the host is growing under unfavorable conditions. 
Adams (1, p. 116-117) mentions this point in relation to head blight 
and cites several examples. In the present investigation the plants 
were kept under as favorable growing conditions as possible, except 
that in some cases in the greenhouse unfavorable temperatures were 
used. At the higher temperatures the percentage of infection reached 
its maximum. With the exception of the single head of Prelude wheat 
found infected at 20° C., which was recorded as inoculated before 
flowering, the highest percentage of infected heads at all temperatures 
was found in the groups that were flowering when inoculated. The 
low percentages of infection in Prelude wheat as compared with 
Marquis (Table 1) are due, partly at least, to the fact that notes on 
Prelude were taken for only 1 week after inoculation, whereas notes 
were taken on Marquis until the plants were dead, and also to the 
fact that Prelude is more resistant than Marquis, as indicated by 
later experiments. 

No infection occurred at 12° C., a temperature decidedly unfavor- 
able for the rapid development, pollination, and fertilization of wheat 
plants when in the flowering stage. Threshing notes show that prac- 
tically no kernels had been set on plants grown at that temperature. 
Leighty and Sando (4, p. 242) report that flowers were not seen to 
open at a temperature below 56° F. (13° C.), but that pollen was 
observed to be discharged at 52° F. (11° C.). Authorities cited by 
them give 12°, 13°, 14°, and 16° C. as the minimum temperatures 
at which flowers were observed to open. Some of the plants used in 
these experiments were flowering when they were inoculated and 
placed in the 12° chamber, so that certain spikelets may be considered 
to have flowered normally. Nevertheless infection failed to occur, 
probably because of the effect of an unfavorable temperature on both 
host and fungus, and possibly because of a lack of adequate humidity 
in the low-temperature chamber. 
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It seems clear that infection does not usually occur first on the 
outside of the glumes. Only one spikelet of the many examined 
showed the parasite growing on the outside of the enveloping glumes. 
In that case it appeared to be growing in a drop of water lodged on 
the surface and had not actually penetrated the glume. No fungus 
was found within the spikelet. Inoculation experiments in the field 
in 1924 tend to confirm the belief that infection does not originate 
on the outside of the glumes. Areas on the outside near the center of 
30 glumes on spikelets in the before-flowering to the just-past-flowering 
stages were marked on 18 heads with a ring of india ink and then 
inoculated by applying a drop of spore suspension in sterile water, 
or a bit of infected agar, or by pricking with a needle dipped in spore 
suspension. The material was fixed at intervals of from 1 to 9 
days. Macroscopic observations indicated that no infection had oc- 
curred except in the case of the needle-prick inoculations, although 
conditions of humidity and temperature were favorable for rapid 
infection. The prick inoculations were made in a cool period with 
minimum and maximum temperatures of 14° and 18°, respectively, 
at which the rate of infection is usually slow. Of the 9 glumes cut, 
only 2 showed penetration by the fungus. In one of these the 
hyphae had not advanced beyond the cells injured by the needle prick; 
in the other, hyphae were found to have penetrated to the depth of 
a few cells at the base of a spikelet inoculated with infected agar. 

Further indication that initial infection does not occur on the out- 
side of the glumes was found upon examination of serial sections of a 
number of diseased spikelets. Although the kernels showed a network 
of mycelium, there was practically no fungus on the outside of the 
glumes.* When infection of a spikelet has developed sufficiently to 
attract the attention of a casual observer, there are often sporodochia 
at the base and along the margins of the outer glumes. The possibility 
that conidia may be held in drops of water at the base of the spikelet 
until invasion has been effected is recognized, although it has not 
been observed to occur in any of the numerous cases of initial infection 
studied. Growth of the fungus on the exterior seems to follow infec- 
tion within the glumes. 

After anthesis, infection appears to occur first on degenerating 
tissues such as anthers, styles (fig. 3, A and B), and pericarp, and to 
penetrate from these into the developing kernel or the inner surfaces 
of the glumes. 

Caught and retained anthers were the first tissues observed to serve 
as a base for invasion into the developing kernel. In field inoculations 
during 1920 it was noted that anthers caught between glumes fre- 
quently showed the first sign of infection. Within a short time the 
glume from which such an anther extended developed a water-soaked 
and discolored area. By fixing and sectioning spikelets in the very 
early stages of infection, clear cases of infection beginning in caught 
and held anthers were found. 

Little information has been found in the literature on the frequency 
of retained anthers. Leighty and Sando (4, p. 233) noted that 5 per- 
cent of the 406 flowers on the heads under observation did not open 
at all or opened only far enough to allow the tips of the anthers to 


* The term ‘‘glume”’ is here construed in the broader sense to include lemma and palet 
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FIGURE 3.—A, Portion of a longitudinal section of a spikelet showing an early stage of anther infec- 
tion; h, hyphae. x 57. B, Portion of a degenerating style which apparently served as a connecting 
tissue between an infected anther and the kernel in the same flower. X 136. C, Portion of a longi- 
tudinal section of the developing kernel in the flower containing the anther in A; serial sections 
show that there is no fungus in the kernel. X 57 
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extrude between the glumes, but that all these flowers set kernels. 
Percival (7, p. 124) says: 

Retention of the anthers, which is most frequent in dense-eared wheats, occurs 
chiefly in the lower spikelets of ears and the smaller flowers of each spikelet, some 
of which do not open at all. 

In the season of 1924 records were made of retained anthers in 
inoculated heads and also in the 100 uninoculated heads of Marquis 
wheat that were harvested for the purpose of obtaining information 
on caught anthers, independent of inoculation. Notes were taken 
only on the first and second flowers, for it was found upon examination 
of 15 heads of uninoculated Marquis wheat grown in the field that 
only 6 per cent of the third flowers in the spikelets had set kernels. 
The data presented in Table 12 show that there were retained anthers 
in 22.5 to 85.5 per cent of the fertile flowers observed and in 58 to 92 
per cent of the spikelets counted. They also indicate that retention of 
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SPIKELET NUMBERS 
( numaereo UPWARD FROM BASE OF neao ) 


FIGURE 4.—Distribution of spikelets in Marquis wheat having one or both fertile flowers with caught 
anthers, based on 100 heads unbagged and uninoculated and 25 heads bagged and inoculated with 
Gibberella saubinetii in the field. (Data in Table 12) 


anthers is not the result of infection, because the percentages for 
checks were higher than for inoculated plants. The data for Marquis 
wheat are presented graphically in Figure 4. It will be noted in Figure 
4 that a comparatively high percentage of retained anthers was found 
in spikelets Nos. 2 to 12, inclusive. The tabulation on page 777 and 
Tables 6 to 11 likewise show that, with three exceptions, all the first 
infections recorded occurred below spikelet 13. Two varieties of 
wheat studied, Norka (C. I. No. 4377°) and Carina (C. I. No. 3756) 
showed marked differences in the percentage of fertile flowers with 
retained anthers. (Table 13.) Likewise there was a higher percentage 


of infected kernels in the variety having the higher percentage of 
retained anthers. 


* C.I. refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 
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TABLE 12.—Percentage of anthers held by glumes after anthesis in several varieties 
of wheat, uninoculated or inoculated, artificially or naturally, with Gibberella 
saubinetit, in the field 


Variety 


Marquis. - 

Several varieties 
Norka (C. I. No. 4377) 
Carina (C. I. No. 3756) 


Variety not known 


{ Not inoculated __- 
Inoculated - - - - 


{ ...do 

, es eS: 
{ Not inoculated 
(Inoculated - - - 





\Inoculated - - 
|f Not inoculated -- 


Treatment 


Natural infection. 


Heads | 
observed 


Number 
100 
25 





{Not inoculated... _. 


| Spikelets 
with 

Fertile | retained 

flowers | anthers 

with jin first or 

retained | second or 


anthers both fer- 


tile flow- 
ers 
| 


Per cent | Per cent 
46.8 | 60 


34.5 |-- 


|\ Inoculated - - - 
| | 


TABLE 13.—Percentage of fertile flowers with retained anthers and of kernels 
infected in Norka and Carina wheat inoculated in the field, in flowering to past- 
flowering stages, with Gibberella saubinetii 


Fertile 
flowers 
with re- 
| tained 
| anthers 


| Kernels 
infected 


Heads ex- 


Variety amined 


Number | Per cent | Per cent 


Norka F . 47 419.5 
Carina d ‘ ae } ll 73 | 40.1 


« Percentage based on 17 heads. 


HISTOLOGICAL STUDIES 


In connection with the experiments in both field and greenhouse, 
histological studies of inoculated spikelets were made in order to 
determine the mode and course of infection in more detail than was 
possible from macroscopic observations alone. By means of serial 
sections through entire spikelets it was possible to follow the course 
of infection in the various parts of individual spikelets and to ascertain 
the presence or absence of retained anther tissue. 


INFECTION OF GLUMES 


It seemed clear from macroscopic observation of diseased spikelets 
that it is unusual for infection to begin on the outside of the glumes 


and then proceed to the kernel. Moreover, the inoculation of the 
outer surface of the glumes, in the field in 1924, as stated previously, 
gave negative results. 

As long as the flowers of a spikelet remain closed the spikelet 
appears to be effectively protected against infection by the thickened 
and suberized walls of the outer epidermis of the glumes. This 
protection is found in the highest degree in the outer epidermis of 
the outer glumes and to a lesser degree in the outer epidermis of the 
lemmas and palets. The walls of the inner epidermis of the empty 
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glumes and of both flowering glumes were thickened toward the 
distal ends, the thickening extending considerably farther toward 
the base of the spikelet in the empty glumes than in the flowering 
glumes. As a rule, the walls of the epidermal cells of the glumes are 
thickened where they are exposed and are practically impenetrable. 
(Fig. 5, A.) Penetration of the less thickened walls of the inner 
epidermis of the glumes is not so difficult and apparently occurs 
frequently. (Fig. 5, B.) 

The heaviest growth of mycelium in badly infected glumes, rachis, 
or culms is found in the chlorophyllous tissue. (Figs. 5, C, and 6, C.) 
Apparently the nutrient value of these cells is high and their thin 
walls offer little resistance to the fungus. 

Sporodochia are often observed at the base of spikelets in advanced 
stages of infection. The stroma supporting them seems to be in the 
chlorophyllous tissue. Conidiophores emerge through the stomata 
at first (fig. 6, D), but with the massing of mycelium within the tissue 
they break through the epidermis elsewhere, frequently pushing 
outward between the lateral walls of the epidermal cells. (Fig. 6, A 
and B.) Sporodochia may extend upward from the base of the 
glumes, particularly along their lateral edges, but this growth also 
appears to follow internal infection. (Fig. 6, C and D.) 

The vascular elements are not particularly attractive to Gib- 
berella, although any bundle that lies in the path of the hyphae may 
be invaded. (Fig. 7, B.) The phloem shows much heavier infection 
than the xylem vessels. The thin cellulose walls of the phloem and 
companion cells are apparently penetrated without difficulty, and 
it seems reasonable to suppose that a rich medium is offered. There 
appears to be less fungus in the annular and spiral vessels than in the 
pitted ones. A rather uniform constriction of the hyphae as they 
pass through the walls of the pitted vessels indicates that passage is 
effected through the pits. The manner of penetration of the walls 
of the annular and spiral vessels was not determined. It seems 
probable that penetration is effected at some unthickened part of the 
wall. 

In thoroughly infected glumes, mycelium may be found throughout 
the thick-walled cells of the ground parenchyma, but, owing to the 
thick lignified cell walls and the absence of cytoplasm, it is not massed 
as it is in the assimilating tissue. (Fig.7,D.) These thick-walled ligni- 
fied cells do not collapse even when heavily infected. The fungus 
apparently makes its way from cell to cell through the pits and not by 
penetrating any of the lignified parts. 

The thin-walled ground parenchyma of the rachis and culm is 
composed of short-lived cells that are polygonal or rounded in cross 
section and have finely pitted walls. In this tissue the hyphae are 
found chiefly in the intercellular spaces. (Fig. 7, A.) Infrequently, 
the hyphae go directly through the cell walls, but the intercellular 
path, being the line of least resistance, is usually followed. In 
general it may be said that Gibberella saubinetii is both intercellular 
and intracellular in the various tissues of the host. The path of the 
fungus as it goes from cell to cell leads through pits or thin places in 
the walls. The attenuation of the hyphae to a threadlike thinness 
as they pass through the walls seems to be of common occurrence in 
all tissues. (Fig. 7, C.) 
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FicuRE 5.—A, Portion of a cross section of a lemma in an infected spikelet, stained with 
safranine and orange G to bring out differences in the nature and thickness of the walls of the 
epidermis on the outer and inner surfaces of the glume; the small amount of fungus present 
in the collapsed cells of the parenchyma is not brought out by thesestains, X 379. B, Portion 
of another cross section of the spikelet shown in A, stained with safranine, Delafield’s haema- 
toxylin, and orange G to show the advance of fungus hyphae from an infected anther (a) 
into the lemma. X 265. C, Portion ofa cross section of a spikelet, stained with Delafield’s 
haematoxylin and erythrosin, showing location of chlorophyllous tissue (c) in an outer glume 
(g); caught anther (a) thoroughly permeated by hyphae; little if any fungus in glume. X 55 
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Fiagure 6.—A, Portion of a cross section through the rachis at the base of an outer glume, 
stained with Delafield’s haematoxylin and erythrosin, showing hyphae emerging between 
cells of the epidermis and sporodochia on the surface. X 91. B, Sporodochia at the base 
of a glume, stained with Delafield’s haematoxylin and erythrosin; the fungus is well estab- 
lished in the chlorophyllous tissue and has emerged through the stomata. X 194. C, Portion 
of a cross section of an infected palet showing entrance of the fungus through the inner epider- 
mis, massing of hyphae in the chlorophyllous cells (a), and emergence through a stoma in the 
outer epidermis; the space (b) between the palet and kernel is webbed with hyphae. X 194. 
D, Emergence of hyphae through the stomata and formation of sporodochia on the outer 
surface of the glume, stained with Delafield’s haematoxylin and erythrosin. 347 


47 
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FiGuRE 7.—A, Portion of a longitudinal section through the parenchyma of an infected rachis, 
showing intercellular path followed by the Gibberella hyphae. About X 305. B, Portion of a cross 
section of an infected rachis, showing hyphae within the vascular bundle. X 420. C, Portion ofa 
longitudinal section of a lemma, showing the threadlike constrictions of the hyphae as they pass 
from cell to cell. X 612. D, Portion of a lemma showing occasional hyphae (h) within the cells of 
the thick-walled ground parenchyma. X 436. All sections stained with Delafield’s haematoxylin 
and erythrosin 
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INFECTION OF ANTHERS 


From a microscopic examination of fixed and sectioned material, 
it seemed evident that infection frequently begins in caught anthers. 
A number of spikelets fixed in the early stages of infection showed 
mycelium only within caught anther tissue. Others showed hyphae 
extending from infected anthers to adjacent parts of the flower. 
Of the material fixed and sectioned in 1920, 70 per cent of the 46 
inoculated pieces either included infected anther tissue or contained 
no anther tissue and were not infected. Of the 1923 material, 29 of 
the 37 spikelets, or 78 per cent, of Prelude and Marquis wheat selected 
from the greenhouse inoculation experiments included either first or 
second flowers, or both first and second flowers, with retained anthers. 
Few cases of early infection were obtained in 1923. Serial sections of 8 
spikelets, recorded at the time they were fixed as probable examples of 
infection originating in retained anthers, showed anther tissue in all, 
but only 4 were fixed early enough to show that invasion began in the 
anthers. (Fig. 3, A and C.) Anthers removed from a flower, inocu- 
lated with Gibberella saubinetii, incubated in a Van Tiegham cell at 
room temperature, and fixed 17 hours later, were found to be com- 
pletely interlaced with the fungus hyphae (Fig. 8, B.) 

Six good examples of initial infection through caught anthers, 
following the usual method of inoculation, were found among the 
1924 spikelets sectioned. Additional information on this point was 
obtained in a special inoculation experiment in the field, in 1924, on 
the extruded anthers of 11 marked spikelets on 3 heads of Marquis 
wheat in the just-past-flowering stage. The extruded anthers were 
inoculated with a spore suspension of Gibberella saubinetii on July 30 
and fixed on August 11. At the time of fixation, 8 of the spikelets 
appeared to be badly infected and 3 showed no symptoms of infection. 
None of the uninoculated spikelets showed infection. Two of the 
visibly infected spikelets were fixed and cut. Both contained caught 
anthers and kernels badly infected. It does not follow, however, 
that because one kernel in a spikelet is infected all are diseased. (Figs. 
8 A, and 9, A-D.) Figure 10, A and B, shows cross sections through 
an infected anther of the second flower of a spikelet of Prelude wheat 
inoculated at flowering and fixed after an incubation period of 45 
hours at 32°C. The serial sections show that the anther in contact 
with the kernel at the brush end is permeated by fungus and that 
hyphae have advanced into the pericarp of the second kernel. Toward 
the embryo end of this kernel the amount of fungus is scant. Hyphae 
have also penetrated the inner surfaces of the lemma and palet of the 
second flower, the outer surfaces in each case being clean, for the 
thickened and cutinized walls of the epidermis on the outer surface 
of the glumes render penetration difficult. Serial cross sections 
also show that this spikelet contains a basal and a third kernel, 
neither of which is infected. In the third flower there is a bit of 
infected caught-anther tissue, but hyphae had not reached any other 
part of the flower at the time the spikelet was fixed. 

When infection occurs at flowering time, the fungus may easily 
penetrate the ovary. Shortly after anthesis the parenchyma of the 
pericarp begins to break down, the nuclei and cytoplasm of the cells 
disappear, the transition starch is moved into the developing seed, 
and the walls of the cells finally break down and are crushed together 
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FIGURE 8.—A, Portion of a longitudinal section through an infected wheat spikelet. Serial 
sections of this spikelet show that the basal flower contains an infected caught anther and 
an infected kernel; the second flower is without a retained anther and the kernel is not in- 
fected; neither the anther tissue nor the kernel of the third flower is infected. X 16. (Details 
shown in fig. 9.) B, Portion of a section of an anther inoculated with Gibberella saubinetii 
and fixed after 17 hours’ incubation in a Van Tiegham cell. X 142. Stained with Dela- 
field’s haematoxylin and erythrosin 
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FiGuRE 9.—Portions of a longitudinal section through an infected spikelet. A, Uninfected anther 
retained in the third flower. X 46. B, Developing kernel in the third flower. Serial sections 
show no hyphae in this kernel. X 46. C, Infected caught anther (a) in the basal flower of the 
spikelet:g, Glume. X50. D, Infected basal kernel; p, pericarp (ovary); e, endosperm; s, remains 
of the style. X 50. Stained with Delafield’s haematoxylin and erythrosin. (Another section 
through this spikelet is shown in fig. 8) 
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FiGuRE 10.—A, Detail of anther, shown in B. Sporodochia containing conidia are 
indicated *~ arrows Xx 132. B, Cross section through the upper part of aspikelet, 
showing the presence of an infected anther within the glume. X 12. C, Cross 
section of the outer layers of a developing kernel: p, Pericarp; g, chlorophy il layer 
(cross layer); 0, outer layer of the testa (semipermeable membrane); c, color layer 
of testa; i, inner membrane of testa; n, epidermis of nucellus; a, aleurone cells form- 

ing; e,endosperm. X 264. Stained with Delafield’s haematoxylin and erythrosin 
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FIGURE 11.—A, Cross section of a nearly mature uninfected spikelet of wheat: g, Outer glume; /, 
lemma; m, palet; p, pericarp; t, testa. X68. Stained with Flemming’s triple stain. B, Cross 
section of a spikelet in which both kernels are badly infected: p, Pericarp; s,seed. 85. Stained 
with Delafield’s haematoxylin and erythrosin. C, Cross section of an immature kernel showing 
the relation of the various structures at that stage of development. The cells of the ovary wall 
44 —ar are degenerating, and the developing seed (s) has almost filled the nucellar space 

(n). X 277 
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in the growth of the kernel. (Figs. 10,C,and11,C.) If entrance into 
this tissue is effected early, the fungus advances along the intercellular 
spaces or from cell to cell without resistance, permeating the entire 
kernel (fig. 11, B). Later, the pericarp is less easily penetrated and 
is not so well supplied with nutrient substances as at flowering time 
fig. 11, A). As the kernel matures, the layers of the testa also 
become a barrier to the fungus. (Figs.10,C, and 12.) The layers of 
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FIGURE 12.—Portion of a cross section through the outer layers of a mature wheat kernel: p, 
Péricarp; 0, outer layer of testa (semipermeable membrane); c, color layer of testa; i, inner 
membrane of testa; n, epidermis of nucellus; a, aleurone cells; e, endosperm; hi-hs, hyphae. 
x 600. Stained with Delafield’s haematoxylin and erythrosin 


the testa appear to be more resistant to hyphal penetration than other 
parts of the kernel. In figure 12 hyphae can be seen in the pericarp 
(hi), separating the inner membrane of the testa from the nucellar 
layer (hy), passing through the nucellar layer (h3;), and invading the 
aleurone cells (h,), but, in this portion of the section, nowhere pene- 
trating the testa. In late infections the kernel is not permeated 
throughout by hyphae; whatever fungus enters the kernels is more 
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or less confined to the pericarp at the embryo end and to the embryo 
itself (8). 

It is impossible to say how often infection originates in caught 
anthers, nor can it be said that infection never occurs except by the 
contact method with anthers or other degenerating tissues that serve 
as saprophytic media for early growth of the fungus. This method, 
however, seemed to be the rule under the conditions of the experi- 
ments described. Infection was most frequently observed to begin 
in degenerating anther tissue, which apparently furnishes an ideal 
medium for the rapid growth of Gibberella saubinetii under favorable 
conditions of temperature and moisture. 


SUMMARY 


Data presented in this paper are based upon macroscopic observa- 
tions of inoculations with Gibberella saubinetii, made in the field and 
greenhouse, on heads of pure-line Prelude and Marquis wheat, and 
upon a microscopic study of serial sections of spikelets selected from 
these inoculation experiments. 

The greenhouse inoculations were incubated in controlled-tempera- 
ture and humidity chambers at 12°, 20°, 24°, 28°, and 32°C. At 28° 
and 32°, the relative humidity was maintained at approximately 70 
to 75 per cent; at lower temperatures it was decreased to obtain the 
same evaporation rate from the Livingston atmometer. During the 
incubation period in the field, humidity was increased by bagging the 
heads with parchment or glassine bags. 

Demineralization with hydrofluoric acid made it possible to cut 
serial sections of entire spikelets. 

Inoculation was most effective when heads were blossoming or had 
just passed the blossoming stage, though infection resulted from appli- 
cation of inoculum from the in-the-boot stage to the past-flowering 
stage. 

The length of the incubation period varied with the stage of devel- 
opment of the head at the time of inoculation and with the tempera- 
ture during the period of incubation. 

When heads were inoculated before blossoming, the position on the 
head of the first spikelet to show infection and the progress of infection 
to other spikelets were suggestive of the place of beginning and prog- 
ress of anthesis rather than of an independent advance through the 
rachis. Itis thought that infection occurs at flowering time, or shortly 
after, rather than earlier, because of the presence of anthers or other 
degenerating tissues in the spikelets on which the fungus first develops 
as a saprophyte and from which it spreads to the interior of the flower, 
especially to the developing kernel. Infection was frequently ob- 
served to begin in anthers that had failed to clear the glumes. Reten- 
tion of anthers was not dependent on infection, for counts of healthy 
and infected heads of Marquis wheat showed the percentage of caught 
anthers to be higher for the healthy than for the infected heads. The 
high percentage of caught anthers occurred in the spikelet range in 
which initial infections were found. 

Neither macroscopic observations nor histological studies indicated 
that initial infection occurred on the outer surface of the glumes. 

Clear cases of initial infection occurring on caught anthers were 
found in the serial sections. The path of the fungus through the 
various parts of the spikelet is indicated. 
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It is impossible to say how often infection originates in caught 
anthers, nor can it be said that infection never occurs except by con- 
tact with anthers or other degenerating tissues that serve as a base of 
operations for the fungus. This method, however, appeared to be the 
rule under the conditions of the experiments described. 
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OPHIOBOLUS ORYZINUS, THE CAUSE OF A RICE DISEASE 
IN ARKANSAS'! 


By E. C. Tutus ? 


Agent, Division of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 


INTRODUCTION 


In 1924, Melchers* quoted a report of an unidentified species of 
Ophiobolus on rice from Arkansas. In the fall of 1928, when rice- 
disease investigations in Arkansas were taken up by the writer, it was 
learned that the report had been made by H. R. Rosen, of the Depart- 
ment of Plant Pathology of the University of Arkansas, who had found 
the fungus on specimens of diseased rice sent in from the rice section of 
astern Arkansas. It was found also that Rosen had made measure- 
ments of the asci and ascospores and had compared them with those of 
other graminicolous species. He had also secured cotype material of 
Ophiobolus oryzinus Sacc. from F. J. Seaver, of the New York Botani- 
cal Garden. The species of the Arkansas fungus had not been deter- 
mined, however, and no inoculations had been made to establish its 
pathogenicity on rice plants. 

Since 1928, this Ophiobolus has been found repeatedly on rice in 
the vicinity of Stuttgart, Ark. 

The present paper reports the following steps in the investigation: 
(1) The description and identification of the fungus, (2) the descrip- 
tion of the disease it produces, and (3) the results of inoculations on 
rice plants. 

REVIEW OF LITERATURE 


Three species of Ophiobolus have been reported by Miyake (9),* 
Ito and Kuribayashi (6), and Saccardo (11) as parasitic on rice. 
In addition, one other species has been reported by Baker (1, p. 75- 
76) as causing a rot of rice straw. Baker states: 


We have been making a good many observations on the rapidity of rotting of 
the rice stubble left in the fields. The common practice here, in harvesting, is to 
cut the panicles, leaving the bulk of the straw in the field, and this being difficult 
to handle with small native plows, is usually burned, on the ground. This is, of 
course, a destructive practice. Under favorable weather conditions the rotting 
of straw proceeds rapidly, and it soon reaches a condition which favors handling 
by small plows. In this process a number of very interesting fungi are con- 
cerned. * * * Three others have been proven to be new to science, Ophiobolus 
oryzinus Sace., * * 

' Received for publication July 12, 1932; issued June, 1933. Cooperative investigations between the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, United States Department of Agriculture, 
and the Arkansas Agricultural Experiment Station. 

? Formerly assistant pathologist, Arkansas Agricultural Experiment Station. Acknowledgment is made 
to H. R. Rosen, of the Plant Pathology Depart:nent of the University of Arkansas, for cotype material of 
Ophiobolus oryzinus, which he had obtained from F. J. Seaver, of the New York Botanical Garden, and for 
specimens of the Arkansas fungus. The writer is also indebted to F. J. Seaver for additional specimens of 
O. oryzinus, and to Hurley Fellows, Division of Cereal Crops and Diseases for specimens of O. graminis on 
wheat. 

| MELCHERS, L. E. DISEASES OF CEREAL AND FORAGE CROPS IN THE UNITED STATES IN 1924. U.S. Dept. 
Agr., Bur. Plant Indus. Plant Disease Survey Bul. Sup. 40: 107-188. 1924. [Mimeographed.] 

4 Reference is made by number (italic) to Literature Cited, p. 805. 
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Another species, called by Hara (5) Ophiochaeta graminis (Sacc.) 
Hara has been reported on rice. Hara identified this fungus as 
Ophiobolus graminis Sacc., but put it into the new genus Ophiochaeta 
because of the presence of bristly hairs on the beak of the perithecium. 
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FIGURE 1 A, Blue Rose rice plant infected with Ophioholus oryzinus from inoculations made in the 
greenhouse at time of heading. Natural size. B, Seedling Blue Rose rice plant inoculated with 
O. oryzinus in the greenhouse. X 24. C, Perithecium of O. oryzinus partly embedded in the 
host tissue. XX 80. D, Ascospores of O. oryzinus. X< 300. E, Cross section of perithecium of V. 
oryzinus x 300 


THE FUNGUS 
MORPHOLOGIC CHARACTERS 

The Arkansas fungus may be described as follows: 

Perithecia gregarious, globose to subglobose, embedded, grayish at first, becom- 
ing black to blackish brown at maturity, 1874 to 375u in diameter; beak erum- 
pent, hairy in culture only, 1254 to 375, long; asci colorless, clavate or sub- 
cylindric, tapering at the ends with the apex slightly larger than the base, elon- 


gate, 8 spored, 12.5-14.54 by 96-11lu; paraphyses present, hyaline; spores 
fasciculate, long and slender, 3 to 5 septate, often multigutulate, usually crescevt 
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shaped and often slightly spirally twisted, slightly constricted at the middle 
septum, apex rounded, base tapering, 2-34 by 79-112u (mostly 86—111,), buff to 
white in mass to the naked eye, but colorless when observed microscopically. 
On sheaths and culms of Oryza sativa L. (Fig. 1.) 


IDENTIFICATION 


A comparative study has been made of the morphologic characters 
of species of the genus Ophiobolus reported as causing diseases of rice, 
or species that might be present where rice is grown, in order to de- 
termine whether the fungus under consideration is identical with one 
of those previously described on Oryza sativa. The measurements, 
given in Table 1, show that several of the species differ distinctly 
from the fungus under investigation. In Ophiobolus miyabeanus 
Ito and Kuribayashi, O. herpotrichus (Fr.) Sace., and O. oryzae Miyake 
the asci and spores are distinctly larger than in the fungus under 
study. However, in the other species studied, namely, O. cariceti 
(Berk. and Br.) Sace., O. graminis, O. oryzinus Sacc., and Ophiochaeta 
graminis (Sacec.) Hara, either the asci or the spores have some charac- 
teristics similar to those of the fungus under discussion. 

Comparisons were made with the specimens of Ophiobolus graminis 
on wheat obtained from Hurley Fellows and with specimens from the 
herbarium of the Department of Plant Pathology, University of 
Arkansas. Examination was made of cotype material of 0. oryzinus 
collected by C. F. Baker and named by Saccardo (12). Two speci- 
mens of QO. oryzinus have been examined, one from the New York 
Botanical Garden and one from the herbarium of the Division of 
Mycology and Disease Survey, Bureau of Plant Industry, United 
States Department of Agriculture. This latter specimen is No. 265, 
Fungi Malayana. Unfortunately, these two specimens are not identi- 
cal. However, the specimen received from the Division of Mycology 
and Disease Survey agrees with the description given by Saccardo, 
while the other does not. The specimen from the New York Botani- 
cal Garden was compared with descriptions of various species of 
Ophiobolus known to occur on rice; it was found to agree most closely 
with O. oryzae (9). (Table 1.) A more detailed study, made on 
additional specimens, showed that this fungus was identical with 
specimens of QO. oryzae found on Rexoro rice stubble in the vicinity of 
Crowley, La., during the winter of 1931-32. 

After an examination of the available material and a study of the 
description of the species listed above, it was concluded that only 
Ophiobolus oryzinus agreed closely enough with the fungus under 
consideration to warrant further detailed comparison. 

Further study of the cotype material of Ophiobolus oryzinus in the 
United States Department of Agriculture and a comparison of this 
material with the fungus obtained from rice in Arkansas proved that 
the two are at least morphologically identical. The wall structure 
of the perithecia was found to be the same, paraphyses were present 
in both specimens, and when mounted side by side the specimens were 
indistinguishable in color, size, and shape of asci as well as in septa- 
tion, size, shape, and arrangement of the ascospores. The fungus 
under study was accordingly identified as O. oryzinus. 


Vol. 46, No. 9 


= 
oS 
= 
sS 
S 
> 
~D 

cS 
~ 
S 
4 
= 
~~ 
~ 
= 
2 
4 

gO 
—_ 
™ 

> 
~ 
= 
S 
= 
nN 
= 
cs 
> 


OZ X IlI-G2'96 

II-L X O1I-96 

cl 

9E-1% X SEZ-ZEI 

““OI-8 X OSI-CZT 

9I-¢'8 X OZT-O8 

“I-21 X 06-08 

€I-Ol X OOI-¢8 

£1-Z'01 X OOI-08 

ogt-C'Ol X SOI-cz 

€ X (O8-OL “Eger | 06 09 
‘9 1OI-S'9L 

n nv 


€I-O1l X SIt-06 


sai0dsoos ¥ lsy 


jo azIg 


(SZ 





CLE-9°L81 


LLL-89E X 0S6-09¢ 
0SZ 

ORF-OFZ 

(ABVIVAB) OOF 

OS L-008 


BSBIVAB) OOS-OLE 


n 


TBE | 


“op 
~~~ OONY 
“SOSSB14) 


“suuopoudsD 

29N4S9 

“BoTyoo ery 

eaetad 
S[B01e0 PUB SessBIt) 
O10 ‘8A1 ‘AaTIBG ‘7BOT_ AA 
~~~ psopdsavd Dlipy 


sOoH 


SDSUDYALY ul 


9214 UO punof snjoqorydg fo sawads ay} fo asoy) yn pasvdwmoos sv whunf fo savads umouy fo sasodsoz 


*[BI10] BUI ad4409 uo epeul uostedui0 9) ” 


“SHIN 
~“(7) wwyVY 
(¢ ‘d *JJ) OprBooRNg 
TysedVquny pue 03] 
“-"(g) @¥BATTY 
“~"""(9) BIBT 
: “(4) seuor 
“(g) SIABC 
6tg ‘d ‘T]) opreoaeg 
“op” ¥ 

_— op 
““""(O1) YOU pue ussoy 
> (g) Aqay 
(¢) ‘[8 90 YoLgedzy4 
(g) suUI0OIg, pue AdTeyIog 


S1IOPBSISAAUT 


=--°"@e°O 
» SNUIZhLO ‘°C 
~“gnyotsjod say *O 
~""snuvaqvhim °C 
yozhio snjoqoiydo 
siuiuosb bpvyooiydo 
a 
“““0d 
i syujuD16 ‘oO 
od 
od 
od 
od 
“" 37991409 snjpogorydgQ 
1ja014D9 Disapydgy 


sn3ung 


D pun ‘vsv ‘piwayjtiod fo sazig—"|[ AAV], 






















803 


May 1, 1933 Ophiobolus oryzinus, Cause of Rice Disease 


CULTURAL CHARACTERS 


Ophiobolus oryzinus in culture grows readily on potato-maltose, 
potato-dextrose and corn-meal agar, and on other solid media. 
Abundant felty light-colored aerial mycelium is produced on potato- 
maltose and potato-dextrose agar, but on other solid media the 
growth is less abundant. On corn-meal agar only scanty aerial 
mycelium is produced. On nearly all media used, the submerged 
mycelium became dark in the course of several days. On liquid 
media the fungus grew poorly and did not fruit. 

With corn-meal agar perithecia are produced in abundance, either 
on the surface or submerged in the medium. Most of the perithecia 
produced on agar have rather long beaks, although the beaks of some 
are short. 

The use of single-spore cultures as detailed below indicates that 
the fungus is homothallic. Forty-one single-spore isolations were 
made, and 37 of the resulting cultures, incubated at room tempera- 
ture, produced perithecia in two weeks. In these cultures mature 
ascospores were produced in 17 days. This indicates that the for- 
mation of perithecia does not depend on the presence of mycelium 
from more than a single ascospore. The exact Jength of time required 
for spore production on the host has not yet been ascertained, but it 
has been found to be considerably longer than 17 days. 

If the perithecia are allowed to dry slightly, the ascospores are 
ejected forcibly. The ascospores germinate readily if taken just after 
they are discharged, before they have become dry. Germ tubes are 
produced from both polar cells but not from the intercalary cells. 


SYMPTOMS OF THE DISEASE 


In several places in the rice-growing section of eastern Arkansas the 
disease has been observed in the field at various times since 1923, 
when it was first reported. Usually it is found rather late in the season, 
about the time when the water is drained from the fields preceding 
harvest. Some rotting of the sheath tissues occurs, however, before 
this time. Plants infected with Ophiobolus oryzinus are character- 
ized by a brown discoloration of the sheaths from the crown of the 
plant to considerably above the water line. (Fig. 1, A,B.) In these 
discolored tissues the perithecia with their protruding beaks are found. 
The number of perithecia per plant may vary from 4 or 5 to several 
hundred. In the earlier stages of infection dark reddish-brown 
mycelial mats as much as 1.5 em long and as wide as the sheath may 
be found on the inner surface of the diseased sheaths. As the lesions 
become older the mycelial mats increase in length, and when the 
sheaths become heavily infected the respective leaf blades die. At 
maturity the straw has a dull brownish cast very similar to that of 
plants attacked by the stem-rot fungus Sclerotium oryzae Catt. At 
times the two diseases have been found on the same plants or in the 
same fields, but parallel inoculations with the two fungi have shown 
that they are distinct. 

Invasion of the rice culms proper by Ophiobolus oryzinus occurs, 
but perithecia are not commonly produced on them under field con- 
ditions. Under greenhouse conditions, however, perithecia have been 
produced on the culms. 

178443—33—_—3 
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Ophiobolus oryzinus injures the rice plant by killing the leaves and 
thus reducing the photosynthetic area. In some varieties, most 
noticeably in red rice, the tissues at the crown also may be killed. 
This is less evident in Blue Rose. Furthermore, the attacked mature 
plants grown in the greenhouse usually produce only a single head per 
plant and ripen prematurely. In the field also, tillering is reduced in 
infected plants, and frequently only one head per plant is produced. 


INOCULATION EXPERIMENTS 


PATHOGENICITY OF THE FUNGUS 


To determine whether the fungus was pathogenic, the following 
artificial inoculations were made in the greenhouse on plants of 
Supreme Blue Rose, Fortuna, and red rice. 

On January 1, 1929, five jars of Supreme Blue Rose rice plants were 
inoculated at time of heading with ascospores from pure cultures of 
the fungus. Of the 18 plants inoculated, 5 plants in four of the jars 
became infected. 

On February 3, 1929, another series of inoculations was made, as in 
the preceding experiment, on nine Supreme Blue Rose rice plants at 
heading time. Five plants became infected. 

On January 28, 1930, 73 Blue Rose rice plants grown in 15 jars 
seeded September 30, 1929, were inoculated with mycelium from a 
single spore isolation of Ophiobolus oryzinus made during the summer 
of 1929. Sixty-four of these plants became infected. 

On January 30, 1930, three jars each of Blue Rose and Fortuna 
rice were planted. On February 10, 30 plants in each of two jars of 
each variety were inoculated with a spore suspension of Ophiobolus 
oryzinus. When the readings were made on May 27, 31.7 per cent of 
the Blue Rose rice plants and 25 per cent of the Fortuna rice plants 
were infected. All the control plants of Blue Rose were free from the 
disease, but three of the Fortuna controls were diseased. These were 
probably infected by water accidentally splashed into the jar from 
one of the inoculated lots of plants. 

Eleven seedling plants grown on corn-meal agar in test tubes were 
inoculated with the organism on January 20,1930. At the end of one 
month the plants were dead, whereas control plants remained green 
and healthy. Perithecia were produced during the latter half of 
March on the dead seedlings. 

On March 13, 1930, three jars of seedlings of red rice were inoculated 
with a spore suspension of Ophiobolus oryzinus, immediately upon 
emergence. Three weeks later an examination of these plants was 
made and it was found that an average of 36.3 per cent of the plants 
were infected by the fungus. 

The data given in the above text show that infection of Blue Rose 
and Fortuna rice plants, in both seedling and heading stages, was 
secured by artificial inoculation with ascospores of Ophiobclus oryzinus. 
Seedlings of red rice also became infected following similar inoculation. 


PATHOLOGIC HISTOLOGY 


The invasion of the host is brought about by direct penetration of 
the outer epidermis of the two basal leaves or of the outer epidermis 
of the sheaths of older leaves. The two basal leaves may be invaded 
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directly by the hyphae. It appears, however, that appressoria are 
necessary for the invasion of older leaves or at least facilitate it. 

Seedling rice plants were inoculated without wounding, by placing 
pieces of agar containing mycelium of the fungus in contact with 
healthy plants at the soil line. Leaves of plants so inoculated were 
removed and examined the second day following. The leaves were 
mordanted in 4 per cent iron alum, washed in water, stained for one 
minute in Heidenhain’s haematoxylin, washed, cleared, and mounted 
in balsam for examination. Other material was fixed in chromo- 
acetic fixative, embedded, sectioned, and stained. Examination of 
all this material showed that the invasion was limited at first to the 
outer sheath, the mycelium soon penetrating to the space between 
the outer sheath and the one next under it. Here a mycelial mat was 
formed consisting of dark-colored rather coarse hyphae. Meanwhile 
branches of the invading hyphae penetrated the air chambers of the 
sheath and here balls of hyphae were produced, which developed 
into the perithecia. This invasion was accompanied by a slight 
darkening of the host tissue. Perithecia were produced for some 
time, and the lesion gradually increased in size until it involved the 
entire sheath for a distance of 4 to 6 em from the original point of 
infection. Invasion of the underlying sheaths and the culm was 
facilitated by the production of appressoria. The tissues invaded 
died soon after discoloration occurred. 


SUMMARY 


Ophiobolus oryzinus Sacc., originally discovered by C. F. Baker on 
rotting rice straw in the Philippines, has been found to produce a 
disease of rice in Arkansas. 

Inoculation experiments have shown that Ophiobolus oryzinus is 
pathogenic on Fortuna and Blue Rose rice plants in seedling and in 
heading stages, and on red rice plants in the seedling stage. Some 
of the plants have been killed outright and others have been injured 
through loss of leaf area. Red rice plants have been found also to 
have their crowns invaded. Infected plants failed to tiller normally, 
producing tillers only after the heading of the first culm. 

Invasion of the host occurs by direct mycelial penetration of the 
epidermis of the basal leaves. Appressoria are formed and aid in 
the invasion of tissues under the basal leaves. 


LITERATURE CITED 


(1) Baker, C. F. 
1916. ADDITIONAL NOTES ON PHILIPPINE PLANT DISEASES. Philippine 
Agr. and Forester 5:73-78. 
(2) BerKELeEy, M. J., and Broome, C. E. 
1861. NOTICES OF BRITISH FUNGI. ‘Ann. and Mag. Nat. Hist. (3) 7:449 
456, illus. 
(3) Davis, R. J. 
1925. STUDIES ON OPHIOBOLUS GRAMINIS SACC. AND THE TAKE-ALL DISEASE 
OF WHEAT. Jour. Agr. Research 31:801-826, illus. 
(4) Firzpatrickx, H. M., Tuomas, H. E., and Kirsy, R. S. 
1922. THE OPHIOBOLUS CAUSING TAKE-ALL OF WHEAT. Mycologia 14:30- 
37, illus. 
(5) Hara, K. 
1916. ON OPHIOCHAETA GRAMINIS (SACC.) HARA. Bydéchti-Gai Zasshi 
(Jour. Plant Protect.) [Tokyo] 3:4-7. (342-345). 








806 


(6) 


Journal of Agricultural Research Vol. 46, No. 9 


Iro, S., and Kurrpayasul, K. 
1927. PRODUCTION OF THE ASCIGEROUS STAGE IN CULTURE OF HELMINTHO- 
SPORIUM ORYZAE. Ann. Phytopath. Soc. Japan 2:1 -8, illus. 
JONEs, S. G. 
1926. THE DEVELOPMENT OF THE PERITHECIUM OF OPHIOBOLUS GRAMINIS, 
sacc. Ann. Bot. [London] 40:[607]-629, illus. 
Kirsy, R. 8. 
1925. THE TAKE-ALL DISEASE OF CEREALS AND GRASSES CAUSED BY 
OPHIOBOLUS CARICETI (BERKELEY AND BROOME) SACCARDO. 
N. Y. Cornell Agr. Expt. Sta. Mem. 88, 45 p., illus. 
MryAkg, I. 
1910. STUDIEN UBER DIE PILZE DER REISPFLANZE IN JAPAN. Jour. Col. 
Agr., Imp. Univ. Tokyo 2:[237]-276, illus. 
Rosen, H. R., and Exuuiort, J. A. 
1923. PATHOGENICITY OF OPHIOBOLUS CARICETI IN ITS RELATIONSHIP TO 
WEAKENED PLANTS. Jour. Agr. Research 25:351-—358, illus. 
Saccarpo, P. A. 
1883. SYLLOGE FUNGORUM. vy. 2. Patavii. 


1916. NOTAE MYCOLOGICAE. Nuovo Gior. Bot. Ital. (n. s.) 23: 185-234. 

















SCLEROTIA-FORMING HABITS OF THE COTTON ROOT- 
ROT FUNGUS IN TEXAS BLACK-LAND SOILS’ 


By Homer C. McNamara, Associate Agronomist, and Darton R. Hooron, 
Assistant Pomologist, Division of Cotton, Rubber, and Other Tropical Plants 
Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


The cotton root-rot fungus, Phymatotrichum omnivorum (Shear) 
Dug., apparently has little difficulty in living through the winters in 
most districts. The disease has not, however, been observed north 
of the southern tier of counties in Oklahoma; its present northern 
limit coincides approximately with the location of the Red Valley. * 
In individual areas, infection may fail to appear in successive years 
except in a few centers representing only a very small fraction of the 
original area involved. This, however, applies only to individual 
areas of infection and is independent of the general or regional 
behavior of infection. 

Experiments with clean fallows have thrown much light on the 
manner in which the fungus perpetuates itself in the soil and lives 
through the years to attack the next susceptible crop planted. Plots 
kept in clean fallow for three or four years and then returned to cotton 
show a material loss in plants, indicating definitely that the fungus 
may remain in the soil in a viable condition for a period of several 
years without the presence of living host material. It is now known 
that sclerotia play an important part in carrying infection over into 
succeeding seasons. 

The present paper reports the results of careful examination of the 
soil surrounding the first plants to die on plots that had been returned 
to cotton after having been in clean fallow or planted to nonsuscep- 
tible crops for several years. From extensive field examinations made 
during the summer and fall of 1931, it appears that the prolonged 
persistence of the disease in clean fallows and in plots planted to 
nonsusceptible crops is undoubtedly due to sclerotia formed below the 
plow slice and associated with various sorts of dead and decaying 
material such as tree stumps or old roots. 


HISTORICAL REVIEW 


Some of the earliest investigators (/,7)* of cotton root rot advocated 
aeration of the soil as a means of control. This remedy was suggested 
on the assumption that the root-rot organism is a parasitic fungus 
living and reproducing entirely by vegetative growth. Since then, 
however, much additional work has been done on the fungus in cul- 
ture, and many kinds of control methods have been tried in the field. 


1 Received for publication Oct. 29, 1932; issued June, 1933. 
? Information furnished by F. M. Rolfs, of the Oklahoma Agricultural and Mechanical College. 
3 Reference is made by number (italic) to Literature Cited, p. 819 
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None of the field experiments has given consistently favorable results, 
which indicates that more subtle factors are involved than had been 
recognized. 

On the assumption that the causal organism is an obligate parasite, 
control experiments with clean fallows were begun in 1922 and have 
continued since that time (3). Although the early results appeared 
promising, the short-time fallows were found to be unsatisfactory in 
many respects. The longer the period of clean fallow, as a rule, the 
greater appeared to be the control of the disease when the plot was 
returned to cotton. Taubenhaus and Killough (8) in 1923 recom- 
mended clean culture and rotation with clean culture, combined with 
the destruction of all winter carriers, as a means of control. In gen- 
eral, the results with clean culture alone have not been satisfactory, 
and frequently plots cropped continuously to cotton may, when the 
infested area breaks up, show as little loss from the disease or even 
less than plots that had been in clean fallow two or three years (4). 

In 1929, Ratliffe (6) described a prolonged saprophytic stage of the 
organism, and King and Loomis (2) announced the discovery of a 
sclerotium stage of the fungus in laboratory cultures in Arizona. La- 
ter in the same year the occurrence of sclerotia at Greenville and San 
Antonio, Tex., was reported by Neal (5). With these discoveries the 
whole line of attack upon the problem was changed. The discovery 
of the sclerotium stage explained many of the inconsistencies in the 
behavior of clean fallow and rotation experiments. These discoveries 
also advanced field investigation to a stage where it was clear that the 
problem involved more than the control of a strictly parasitic fungus. 


METHODS OF FINDING SCLEROTIA IN BLACK-LAND SOIL 


The soil of the United States Cotton Breeding Field Station near 
Greenville, Tex., is composed largely of Wilson clay, which, even 
under very dry conditions, is easily broken apart in the hands, exposing 
the rootlets and fungus growths of current or former seasons. These 
growths find ready access through the soil along the well-formed 
cleavage planes, which are very well marked and are probably the 
result of years or centuries of continued movement of relatively small 
soil masses. Probably because the soil alternately expands when 
moist and contracts when dry, the effect of these irregular cleavage 
planes is to allow it to be readily broken apart. The surface of the 
cleavage planes from the lower depths is usually well coated with 
colloidal matter. Sometimes they have the appearance of small 
slickensides. These physical characteristics are very similar in the 
Wilson and Houston clays. (Fig. 1.) 

For the first 2 to 4 inches the surface soil is loose and granular. 
Below this layer of loose soil is a very tight, close-grained stratum 
which might be termed the plowsole. Whether or not this truly 
represents a plowsole is a question, but such a condition was present 
in all Wilson and Houston clays examined. This close-grained layer 
of soil is usually stratified horizontally, and it is of course dissected 
vertically by cracks. Occasionally the fracture is conchoidal. This 
layer is difficult for the plant roots to penetrate, and many of the root- 
lets are found along the horizontal cleavage planes which separate one 
close-grained stratum from another. In this zone there is much less 
evidence of an accumulation of colloidal material along the cleavage 
lines than exists at lower depths. 
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FiGuRE }.—Typical profile of Wilson clay. Note fine-grained stratum near top of the blocks. 

Sclerotia occur in greatest abundance below the fine-grained stratum, which is not penetrated in 
7 ordinary tillage operations. Root channels from plants grown at least five years previously are 
shown on the right. The loose topsoil has been removed 














FIGURE 2.—Large clod of Houston black clay soil, outlined in black, showing natural position of 
viable sclerotia and cleavage planes. (Two-thirds natural size.) Photographed by P. R. Dawson. 
Austin, Tex., November 7, 1931 
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Below the plowsole, even during the driest part of the summer, the 
larger ‘‘chunks”’ can be easily broken apart with the hands and 
examined in the field for root-rot infection, sclerotia, and root develop- 
ment. Figure 1 shows the close-grained nature of the plowsole as 
compared with the more friable subsoil, which may frequently change 
abruptly in color and composition. Old root channels from a cotton 
crop grown five years previously are also to be seen in this figure. In 
these examinations sclerotia were found only in soil with a physical 
structure that would readily allow the penetration of rootlets and root- 
rot mycelium. In practically no case were sclerotia found inside a 
piece of compact soil so hard and tough that it could not be broken 
apart in the hands. 

Sclerotia are readily visible in both the Wilson and the Houston 
black clay soils. (Fig. 2.) In soils of a lighter color and with a 
higher content of sand, field examinations for sclerotia are much more 
difficult. 

The simple method of breaking the soil apart in the hands and 
exposing the fungus growth and the sclerotia has been found much 
more satisfactory than washing them out of heavy clay soils like the 
Houston and Wilson. This method also has the advantage of being 
rapid and of requiring the handling of a minimum amount of soil. 
It also affords a readier observation of the sclerotia in situ and makes 
it possible to obtain more definite information on the habits of the 
fungus. 


OCCURRENCE OF SCLEROTIA BELOW PLOW DEPTH 


The examinations were begun on July 16, 1931, and continued at 
short intervals for the remainder of the year. Observations were 
made throughout the summer and fall as often as possible, sometimes 
daily, but at least once every two weeks. The detailed examinations 
involved the handling of many tons of earth and revealed the fact 
that sclerotia generally are formed in groups or colonies, the great 
majority of which occur below the plow slice at depths usually ranging 
from 6 to 12 inches below the surface. A reason for the occurrence 
of sclerotia in greater abundance within the surface foot of soil at 
Greenville is that the plant roots are very sparse at lower depths. 
Sclerotia are evidently laid down in the soil near the small rootlets 
and not on the taproot or larger laterals. They are found along the 
old channels of the rootlets or near the fungus strands which had 
destroyed the small rootlets. In several cases the sclerotia were laid 
down in the old root channels of the 1926 cotton crop. Strands of 
the fungus are usually found with each colony of sclerotia. Unfor- 
tunately there is as yet no way of determining the age of sclerotia 
in the soil, although there is much evidence to indicate that they may 
be sealed in the clay and remain in a viable condition for long periods, 
probably several years. 


INVESTIGATIONS AT GREENVILLE 


SCLEROTIA IN PLOT D-1 


In 1931 the west half of plot D-1 was planted to cotton, after four 
years of clean fallow (from 1927 to 1930), and the east half of the 
plot was clean fallowed for the fifth consecutive year. 
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Several neighboring plants died on this plot between July 20 and 
August 6, when the first examination was made. Diggings around 
the first plant that died did not yield sclerotia, but showed numerous 
heavy strands of hypha. Near an adjacent plant, which had been 
wilted only a few days, sclerotia and hyphal strands were found in 
abundance. Both freshly formed white sclerotia and older dark- 
brown ones were present. Masses of sclerotial casts were also found, 
indicating that sclerotia had been formed some time previously, 
possibly several years before, and that the growth from these old casts 
may have been the source of the infection present in this particular 
location. Most of these sclerotia were laid down near the taproot 
and laterals at depths of 6 to 8 inches below the surface. At 11 to 12 
inches the subsoil changed from a heavy black clay to a yellowish 
gray clay with numerous calcareous concretions. 

The third plant to die was growing in a very tenacious black clay. 
The surface moisture was abundant, and many shallow lateral rootlets 
had developed near the surface. Here, both strands and sclerotia 
were found within 2 inches of the top of the soil. The taproot was 
infected to a depth of about 10 inches, but was sound below. On an 
adjacent plant sclerotia were not found near the surface but at a 
depth of 6 to 8 inches. 

A further examination of this area of infection was made on August 
17. Between the first two rows next to the 5-year fallow a large 
colony of sclerotia was found, all of which were old and very dark 
brown in color. About 12 inches from a dead plant in the outside 
row a second colony was found which showed a large number of light- 
colored sclerotia, evidently very recently formed. Older sclerotia of 
course were found in this location also, and numerous hyphal strands 
in both colonies. 

Another primary center of infection on this plot appeared during the 
last week in August. This center was represented by two dead 
plants. On September 28 the soil around both plants was examined 
and two colonies of large sclerotia were found. The first group of 
sclerotia was uncovered at a depth of about 5 inches below the surface 
and about 9 inches from the first dead plant. The second colony was 
found at about the same depth and about 10 inches from the second 
dead plant. The sclerotia in one of these groups were the largest 
found during the season. All appeared to be very old, but some were 
viable. 

Another examination was made in this area on October 1, and large 
numbers of sclerotia and sclerotial casts were found. Most of them 
were found about 18 inches from one of the dead plants and at a 
depth of 4 to 6 inches. Since no cotton was grown on this plot in 
1930, the casts probably represent sclerotia that were laid down in 
1926 or 1927 and that were doubtless the primary source of infection 
for this center. 

On September 2 a third primary center of infection was observed on 
the west half of plot D-1. There were seven dead plants in one row, 
and an examination of the soil revealed a large amount of rubbish 
such as bits of decayed wood, peach seeds, nails, glass, brickbats, 
charred wood, etc. A large colony of sclerotia was found about 10 
inches from the first plant that died. Two days of continued digging 
failed to disclose any other source of infection, although the root-rot 
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map of the area for 1920 shows trees and grass within 10 feet of the 
location of the first dead plant. 

Another primary center of infection in the same row as the one 
previously described was examined on November 12. This center 
consisted of three plants which died very late in the season. The 
plowsole was very well marked here, and at a depth of about 7 inches 
numerous old sclerotial casts and old sclerotia were found. Old peach 
seeds and well-rotted bits of cotton stalks or roots were found near 
the dead plants. 

Aside from the presence or absence of dead tree roots, the sclerotia 
uncovered appeared to be very old, as indicated by their color, con- 
dition, and location in old root channels. The casts appeared to be 
the remains of sclerotia that had also been laid down several years 
previously. Some of the oldest looking sclerotia, which had been 
formed near root channels that were undoubtedly from the cotton 
crop of 1926, when placed in moist chambers put out new growth 
within two days. 

Another center of infection in the same row was examined on 
November 13. A few old sclerotial casts were found, together with 
considerable organic matter which appeared to be the remains of a 
former rubbish pile, but no true sclerotia were discovered. The 
examination was resumed on November 16, and numerous sclerotia 
of considerable age were found. Although there is no method of 
determining the exact age of sclerotia laid down in the soil, indications 
of their having been freshly formed are found in their color and in the 
condition of the root material surrounding them. The fact that plants 
were dying in the same row at three different points and that peach 
seeds occurred at each of these points indicates that at some previous 
period there was a row of peach trees across the plot. 

Since the largest body of infection in the cotton on the west half of 
plot D-1 was contiguous to a 5-year clean-fallow plot, an examination 
for root-rot infection was made in the fallow. As there were no 
plants to indicate the possible locations of infection in the soil, the 
examination was very tedious and lasted from August 24 to 28. 
Most of the work was done at a distance of 10 feet or more from the 
first row of cotton in the adjacent plot. No sclerotia were found at 
these distances, although one colony was discovered about 18 inches 
and another about 3 feet from a dead plant in the outside row of cotton 
next to the clean fallow. Sclerotial casts were found at a distance of 6 
feet from the cotton. The decomposed remains of what appeared to 
be the root system of a shrub were uncovered at depths of 4 to 5 inches. 
This examination was rather thorough, for the area examined, but by 
no means conclusive. The simplest and most reliable method of test- 
ing the plot for infection will be to plant it in cotton. As in the case 
of the 4-year clean fallow, the presence of dead plants will show that 
the fungus has maintained itself for a period of practically five years 
without live host material. 


SCLEROTIA IN PLOT D-2 


Plot D-—2 had been in clean fallow during the years 1927, 1928, and 
1929. When the plot was planted in cotton in 1930, dead plants 
appeared at two points centrally located on it. The first plant that 
died on the plot in 1931, however, was near a corner where there had 
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been no mortality in 1930. On July 16, when the soil near this dead 
plant was removed, two large cotton stumps from the outside row of 
the 1930 crop were uncovered and were found to be supporting a 
heavy growth of the root-rot fungus. (Fig. 3.) There was no doubt 
of the contact between the live roots of the 1931 planting and the old 
roots of the 1930 planting. No sclerotia were found on July 16. 
A small amount of soil in this location was again examined on August 
6, but no sclerotia were found. On August 17 two plants died, one 
next to the first dead plant and the other in the adjacent row on the 
inside of the plot. 

On August 25 digging was resumed and two colonies of sclerotia 
were found about 5 feet from the first plant that died, one at a depth of 
5 to 6 inches and the other at a depth of 14 to 18 inches, directly 
under the first. Some of the sclerotia appeared to be very old and 














FIGURE 3.—Cotton stump from previous season’s planting near primary center of infection, sup- 
porting 3 heavy growth of the root-rot fungus. Greenville, Tex., July 16, 1931 


evidently had been formed before August 6, although none was found 
in the soil examined on that date. In one case there was evidence 
of the older sclerotia producing new ones by budding, as described by 
King and Loomis (2). Just below the plow depth an old peach-tree 
stump was found almost directly in contact with the first dead plant 
in the second row. This tree had been dead at least 13 years. (Fig. 
4.) Large numbers of sclerotia were found near this stump, at dis- 
tances of 12 to 18 inches. A point of interest in connection with this 
particular location is that while numerous sclerotia and sclerotial casts 
were found, none of them was in direct contact with either live or 
dead roots, but all were near dead roots and near the dead peach- 
tree stump. All sclerotia found were below the plow depth. Al- 
though no plants had died in 1930, when this area was planted in 
cotton after a 3-year clean fallow, much significance may be attached 
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to the fact that the first plants to die in 1931 were near the dead 
peach-tree stump, which was surrounded by several colonies of 
sclerotia, some of which appeared to have been in the soil for a long 
time. 

The soil around a second primary center of infection on this plot was 
examined on July 16. The first plant had died on July 12. Although 
no dead material other than cotton stalks and roots was observed, 
large numbers of sclerotia were found, some of them evidently several 
weeks old. An interesting feature in connection with the examination 
of this center was the exposure of a shallow area in which the subsoil 
came within about 3 inches of the surface. The subsoil was mottled 
and yellowish gray in color, containing numerous small calcareous 
concretions. The surface soil of the Greenville station is classed as 
Wilson clay and is not calcareous. 











Ficure 4.—Old peach stump uncovered below plow slice and near primary center of infection. 
Sclerotia were found in profusion near this stump. A history of the plot indicates that this tree has 
been dead for not less than 13 years. Greenville, Tex., August 25, 1931 





‘LEROTIA NOT FOUND IN CONTINUOUS COTTON PLOTS 


ROOT-ROT INFECTION 






SHOWING VIRULENT 
Since sclerotia had been found near all primary centers of infection 
on plots D-1 and D-2, which had been in fallow four and three 
years, respectively, it was decided to make examinations in other parts 
of the station. 

The location selected for this study was in a field which had been 
continuously in cotton for several years and in which nearly all the 
plants had died. The area was about 900 feet distant from plots D-1 
and D-2. The soil was carefully worked from around the dead plants 
near the central part of the infested area to several feet beyond its 
outer limit in the area of healthy green plants. 
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Trenches about 20 to 26 inches deep were dug between two rows and 
the soil was carefully worked down from around both the dead plants 
and the green plants on the outer edge of the area of infection. The 
trenches were usually 18 to 20 feet long, and some of them were near 
the center of the infested area. Examinations of this area were begun 
September 3 and were continued at frequent intervals until Novem- 
ber 13; during this time many tons of earth were handled and not a 
single sclerotium was found. No casts of sclerotia that might have 
been laid down at some previous time were discovered. Several 
cursory examinations were made in near-by areas of infection on 
similar types of soil having the same crop history, but no sclerotia 
were found. Why this area with a heavy, early mortality of plants 
should have failed to yield sclerotia, when they were being found in 
abundance on the plots that had been in clean fallow for a period of 
years, is a question of genuine interest. Both shallow and deep 
phase soil was encountered in a number of places within the infested 
area, although apparently it exerted no favorable influence upon the 
formation of sclerotia. It is also of interest to note that repeated 
examinations along the outer margin of infection failed to yield 
sclerotia. On October 1 an examination of several primary centers of 
infection on plot C-6 was made, but no sclerotia or sclerotial casts 
were found. This plot had been in cotton continuously for at least 
13 years and probably much longer. 


INVESTIGATIONS IN TRAVIS COUNTY 


In 1927 an experiment was begun on the farm of W. F. Voelker near 
Manor, Travis Co., Tex., for the purpose of determining the effective- 
ness as a control measure of a 3-year clean fallow as compared with 
that of three years of nonsusceptible crops on land very heavily 
infested with root rot. Two plots of approximately 1 acre each were 
laid off. One plot was kept in clean fallow during a 3-year period, 
while the other was planted to oats in 1928, sorghum in 1929, and corn 
in 1930. 

When the plots were visited on June 23, 1931, numerous dead plants 
were found, probably three times as many on the clean-fallow side as 
on the cultivated side. When observed again, August 12, fully 
one-half of the plants on the clean-fallow side were dead. Upon 
inquiry it was found that practically ‘all the plot that had been in 
clean fallow for 3 years represented the site of an old peach orchard 
that had died out about 10 years before. Mr. Voelker states that in 
1918, when most of the orchard had died out, some of the trees were 
replaced with young ones that lived only a few years and died out 
with the older trees. This information led to the belief that if a 
number of the primary centers of infection were investigated the 
source of infection might be determined. Accordingly, on November 
5 and 6 several of the primary centers were examined. 

The first center of infection examined yielded a number of peach 
seeds, and an old dead mesquite stump about 12 inches long and 
about 1% inches in diameter. Sclerotia and sclerotial casts were 
found in abundance about 5 inches below the surface. (Fig. 5.) 

An excavation about 6 feet square, made near the second center of 
infection, revealed the location of an old rubbish heap containing 
peach seeds, pieces of board, cans, an old broom, bones, and finally 
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a well-rotted peach stump. The root-rot fungus was represented by 
numerous large strands, but no true sclerotia were found. 

The third center of infection examined revealed an old tree root, 
which was less than half an inch in diameter but which, when traced 

















FIGURE 5,—A, Sclerotial casts as they occur naturally in chainlike formations inthe soil. B, Smaller 
portion of clod broken away from larger portion, splitting the sclerotial casts bilaterally. (Four- 
fifths natural size.) Photographed by P. R. Dawson. Austin, Tex., November 7, 1931 


out, was found to extend across about eight rows of cotton. 
Apparently the stump had been taken out and only the lateral roots 
left in the soil. The roots were very well rotted and numerous 
sclerotia and sclerotial casts were found in close proximity. 
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The fourth center of infection revealed the presence of an old tree 
root below the plowsole, which was found to connect with the old 
stump in the second center examined, as described above. No 
sclerotia were found in this center of infection. 

The fifth center of infection yielded abundant sclerotia and sclerotial 
casts at depths of 10 to 12 inches. 

Three other examinations were made in the 3-year-fallow plot, two 
of which yielded a number of peach seeds but no sclerotia, while one 
gave neither sclerotia nor other evidence of the source of the infection. 
These later examinations, however, were not so thorough as they 
might have been, and possibly the seat of infection in these points was 
overlooked. 

Negative evidence in cases of this kind is not entirely reliable. The 
source of infection might be small and in many cases might have been 
destroyed or even overlooked unless much time were spent in the 
tedious process of examining the field. 

A point of unusual interest was revealed in the examination of a 
well-defined primary center of infection on the plot that had been 
planted to nonsusceptible crops for three years. In examining this 
center, sclerotia and sclerotial casts were found in great abundance. 
Near one side of the area of infestation two small mesquite stumps 
were discovered which had been dead for years and around which was 
a great number of sclerotia. A rather sparse growth of mycelium 
extended over the mesquite stumps, and sclerotia were present 2 to 
4 inches from the stumps and 6 to 15 inches below the surface. 
According to the owner of the land, the plot had been put into cultiva- 
tion in the spring of 1884 and had had a crop planted on it every year 
since. 

Recurrence of root rot after several seasons of clean fallows or of 
nonsusceptible crops is explained by deep-seated infestation of the 
fungus below the plowsole. The fungus was found in many cases on 
decayed roots of trees buried in the soil for long periods, in some 
instances for 30 or 40 years. 


INVESTIGATIONS IN ROCKWALL COUNTY 


On November 19 an examination of the soil was made around 
several primary centers of infection on the farm of B. F. Weatherford, 
near Rockwall, Rockwall Co., Tex. The soil would probably be 
classed as an eroded phase of Houston clay. The loss from root rot 
on this type of soil is extremely high. 

The field examined had been planted to oats in 1928 and 1929, to 
millet in 1930, and to cotton in 1931. Each summer the plot was 
kept in fallow, and practically no weeds were allowed to grow on the 
area. 

On July 27 there was a scattering of dead plants over the plot, some 
of which had died a few weeks earlier. After the mapping on Novem- 
ber 19, an examination was made of five primary centers of infection. 
Four of the centers yielded sclerotia and sclerotial casts in abundance, 
but in one of the locations no sclerotia were found. Two explorations 
were made in an area of general infestation, but no sclerotia were 
found. 
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SUMMARY AND CONCLUSIONS 


In the study of the sclerotia-forming habits of the root-rot fungus 
(Phymatotrichum omnivorum (Shear) Dug.) reported herein, a simple 
method of investigation was employed in which the soil was excavated 
from different depths and broken apart in the hands. Thus the 
sclerotia were observed in situ, and their relation to small root channels 
and cleavage planes of the soil was readily seen. It was difficult 
to wash the sclerotia out of the black clay soil, but by breaking the 
clay apart it was easier to find them than in the more friable soils. 

lo determine the seats of infection the soil was carefully excavated 
and examined to depths of at least 24 inches around numerous pri- 
mary centers where the first plants died of root rot. These examina- 
tions were made throughout the summer and fall of 1931, in fields 
planted continuously to cotton, in others planted in cotton for the 
first time after 3-year or 4-year clean fallows, and in still others where 
cotton followed three years of nonsusceptible crops. 

Sclerotia were frequently found in the soil, usually in colonies or 
groups rather than singly or sparingly. 

After the seat of infection in a primary center had been located, 
continued digging failed to reveal other sources. Although tons of 
additional earth were removed, no more sclerotia were found. 

Older sclerotia were found below the plow slice at depths of 4 to 
18 inches, most of them occurring at a depth of 4 to 12 inches. 

Sclerotia were not found on the taproots of the cotton plants or on 
the large lateral roots but. out in the soil where only small rootlets 
occurred. 

Newly formed sclerotia were found only during the period from 
August 6 to 17. 

No sclerotia were found in plots planted continuously to cotton 
where most of the plants had died of root rot. They were, however, 
found in abundance in primary centers of infection in fields where 
cotton followed 3 or 4 years of clean fallow or 3 years of nonsus- 
ceptible crops. 

Sclerotia were frequently found in large numbers near old tree roots 
or stumps that had been dead many years. Some of the primary 
centers of infection, however, although near old dead roots, failed to 
yield sclerotia. 

Most of the primary centers, after three years of nonsusceptible 
crops or 3-year fallows, yielded either sclerotia or infested old decayed 
material of some kind, or both. 

Where deep-seated infestations exist, control of root rot by clean 
fallows or nonsusceptible crops apparently will need to be supple- 
mented by tillage operations that will reach the sclerotia, which are 
usually found below the plow slice at depths of 4 to 12 inches. 

Considerable significance may be attached to the fact that in most 
of the primary centers examined sclerotia were abundant in plots that 
had been planted to nonsusceptible crops or kept in clean fallow for 
several years, whereas no sclerotia were found in plots planted con- 
tinuously to cotton. From these facts it may be inferred that the 
sclerotia, which apparently are capable of long periods of quiescence, 
are connected primarily with the saprophytic phase of the fungus and 
serve as a resting stage. 
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ARTIFICIAL TRANSMISSION OF SUGARCANE MOSAIC! 


By Jutius Matz? 


Pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry 
United States Department of Agriculture 


INTRODUCTION 


Sugarcane mosaic is a disease caused by a conceivable but as yet 
undistinguishable virus, which has been recognized during the last 
decade as affecting sugarcane (Saccharum officinarum 1.) to some 
extent in almost every region where sugarcane is grown commercially. 
For a long time investigators failed in their efforts to infect plants 
experimentally with the virus of this mosaic disease, and the question 
arose as to whether it should be considered infectious or whether the 
symptoms observed in sugarcane might be caused by inherent degen- 
eration or by a nonparasitic disease. The truly infectious nature of 
sugarcane mosaic was firmly established about 10 years ago, but many 
problems still remain unsolved. 

Concerning the character of the virus in the extracted plant juice, 
the general belief has been that if manipulated in the presence of air 
it would wholly, or at least largely, lose its infectiousness, particu- 
larly if inoculations were not made immediately after extraction. 
This belief, which was not thoroughly tested, became a serious 
handicap in the study of the virus. This paper presents a procedure 
developed during the past year for the artificial transmission of the 
mosaic disease, which offers not only considerable freedom in the 
manipulation of the extracted material but also permits the use of 
the virus-containing extract for a considerable time after storage. 
The results here recorded show that exposure to the air does not 
necessarily impair, under all conditions, the disease-producing prop- 
erties of the extract of diseased tissues. The studies were begun in 
the autumn of 1929 at Johns Hopkins University and have been 
continued in the Division of Sugar Plant Investigations, Bureau of 
Plant Industry, United States Department of Agriculture. 


HISTORICAL REVIEW 


The disease now known as sugarcane mosaic has been the subject 
of investigations and reports by various workers, first in Java (31),° 
later in Hawaii (25), and more recently in the West Indies (11, 16, 30, 
33, 34, 35, 36, 37), the United States of America (6), Argentina (17), 
Natal (27), and India (29). In 1892 Van Musschenbroek (31) gave 
a description of the disease under the symptomatic name ‘gele 
strepenziekte,” or yellow-strike disease, and in 1893 there appeared a 
multicolor reproduction showing a portion of a sugarcane leaf affected 
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with the disease, together with a note on its occurrence, by Arendsen 
Hein (3). Since 1919 the disease has been recorded (6, 7, 8, 21, 39) 
as affecting not only sugarcane and other species of Saccharum but 
also maize (Zea mays L.); sorgo (Sorghum vulgare Pers.) and other 
species of Sorghum; millet (Pennisetum glaucum (L.) R. Br.); and the 
wild grasses Digitaria sanguinalis (L.) Scop., Paspalum boscianum 
Fliigge, Setaria lutescens (Weigel) Hubb., S. magna Griseb., Panicum 
dichotomifiorum Michx., Eleusine indica (Li.) Gaertn., Echinochloa 
erusgalli (l.) Beauv., 2. colonum (L.) Link, and Brachiaria extensa 
Chase. 

In 1903 Kamerling (1/9), working in Java, stated that he had trans- 
mitted the disease to healthy sugarcane by inoculation with juice 
expressed from mosaic-diseased sugarcane. His inoculations were 
made by injection. Although he did not specify the kind of instru- 
ment used, it was presumably a hollow-needle syringe, since he stated 
that he had followed the technic employed by Beijerinck (4) in trans- 
mitting tobacco mosaic to healthy tobacco plants, and Beijerinck 
stated that he used a hollow-needle syringe (‘‘ Pravaz’schen Spritze’’). 
Kamerling, regarding this sugarcane disease as infectious, placed it 
in the same class with the well-known mosaic disease of tobacco. His 
tests, however, do not appear to have fully justified such an unquali- 
fied conclusion, for some of his uninoculated and apparently healthy 
plants contracted the disease in the course of his experimentation. 
He admitted the possibility that the disease might have been trans- 
mitted in a very slight degree by air, but he expressed the conviction 
that at least some of the plants which he inoculated with diseased 
juice contracted the disease directly because of his inoculation. On 
the other hand, Van der Stok (38) in 1907, Kobus (20) in 1908, and 


Wilbrink and Ledeboer (42) in 1910—-all of whom, like Kamerling, 
studied the disease in Java—were unable to infect healthy sugarcane 
plants by any of the methods they tried, including the procedure 
described by Kamerling. 

In 1917 Stevenson (35, 36) reported the results of a study of sugar- 
cane mosaic in Puerto Rico, referring to it as the ‘‘new disease,” 
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“‘the mottling disease,” ‘‘an epiphytotic of cane disease,” etc. It was 
not until 1919, however, that he identified the disease as it occurred 
in Puerto Rico with the gele strepenziekte, or yellow-stripe disease, 
described by others. Working thus independently he suspected the 
disease to be due to an infectious principle (37) and carried out an 
extensive series of inoculation tests, not only employing expressed 
juice from diseased cane but also inserting diseased cane tissue in 
incisions made in healthy plants; but he did not succeed even once 
in causing the disease symptoms to appear in the inoculated plants. 
Stevenson’s paper of 1917 (35) aroused the interest of other investi- 
gators, particularly H. L. Lyon (as reported by Colén (14)), of the 
Hawaiian Sugar Planters’ Association, who regarded this disease as 
identical with the disease known as gele strepenziekte, or yellow- 
stripe disease, in Java, Hawaii, and elsewhere. The yellow-stripe 
disease had been studied by Lyon in Hawaii from 1911 to 1914 (24). 
In 1921 (26) he reported that in open-field experiments he had observed 
it in some of the plants which he had inoculated with expressed juice. 
Similar tests in the greenhouse failed, however, to produce the disease. 
The identity of the disease causing mottling of sugarcane in Puerto 
Rico with the gele strepenziekte of Java and the vellow-stripe disease 
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of Hawaii and other regions was finally recognized by the investigators 
of this subject in Puerto Rico (6, 14, 16, 30, 37), and the infectious 
nature of the disease was st accepted by them. Adequate 
evidence of its being infectious was still lacking, however; the experi- 
mental evidence was meager and not free from the possibility of error; 
and nothing was known regarding field dissemination. 

In 1920 Brandes (7) published the outstanding discovery that sugar- 
cine mosaic is transmitted naturally by Aphis maidis Fitch. Addi- 
tional evidence showing the infectious nature of this mosaic and the 
réle played by Aphis maidis in its dissemination was presented by 
Bruner (171) in Cuba, by Kunkel (22) in Hawaii, by Ledeboer (24) 
and Wilbrink (40) in Java, by Chardon and Veve (/2, 13) in Puerto 
Rico, and by i awcett (17) in Argentina. 

Early in 1920, Brandes (7) succeeded in transmitting the mosaic 
disease directly from diseased to healthy sugarcane without the aid of 
Aphis maidis. By means of a glass hollow -needle syringe, he injected 
into the growing points of healthy sugarcane plants 0.5 ce of sap 
ae from ground tissue of young joints of mosaic-diseased sugar- 

‘ane. After an interval of a little more than one month, infection 
had appeared in 8 out of 10 plants inoculated with sap expressed under 
a cover of purified mineral oil, but only 2 out of 10 inoculated plants 
contracted the disease when the sap employed was obtained without 
any protective covering against exposure to air. It is important to 
note, however, that in both instances the inoculating material was 
used, as the author states, “‘immediately after being prepared.” * 

Brandes and Klaphaak (10) regarded lapse of time and exposure 
to air as the chief causes of the failure of expressed virus-containing 
390? . 4 s 
juice to produce the disease. They say (10, p. 251)— 

Virus capable of causing infection when used immediately after being expressed 
from diseased stalks was found in one experiment to be without effect when 
injected 24 hours later.6 The virus of grass mosaic is less stable or more sensi- 
tive to the influence of its environment than that of many other similar diseases, 
notably the tobacco mosaic. In these experiments it has been found very 
refractory and difficult of physical manipulation or chemical treatment without 
loss of virulence. 

They also remark (10, p. 248): ‘‘Sometimes whole series of inoculations 
np known susceptible control plants failed, owing to unknown 

‘auses.”’ These authors continued to use a cover of mineral oil over 
their i inoculum, and they succeeded in transmitting the disease directly 
from cane to cane and from cane to sorgo, millet, and Digitaria 
er Thus it was definitely established not only that sugar- 

‘ane mosaic is really infectious and transmissible to healthy plants of 
mcafee and some related forms by the vector Aphis maidis, but 
also that it may be artificially transmitted by means of hollow-needle 
inoculation with freshly extracted sap from diseased plants suitably 
protected —_ the air. 

Doolittle (15) found that juices of mosaic cucurbits retained the 
power of te for only a short period after their extraction and 
usually lost their virulence within 24 to 48 hours. Dried material 


4 In this connection Brandes (7, p. 132) credits F. 8. Earle with calling attention, in a then mamuibeetoed 
paper, to a method of inoculating with juice expressed under oil to hinder possible oxidation. Bruner 
(11), however, states it as his understanding that the procedure of extracting the cane juice under mineral 
oil to avoid oxidation was originally suggested by E. D. Colon and F. A. Lopez Dominguez, of the insular 
experiment tation of Puerto Rico, and that this procedure was employed later by Professor Earle. 

§ This was not intended to imply that the virus would lose its virulence at the ‘end of 24 hours under all 
conditions, as Doctor Brandes, since his first experiments in 1920, had been storing away samples of extract 
of sugarcane mosaic for the purpose of testing in the future the effect of age on retention of virulence. 
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likewise suffered a rapid loss of the infectious power. Preservatives 
to stop fermentation did not serve to prolong the period of activation 
in extracted infected juice, and low temperature had only a slight 
effect in prolonging the power of infection. Henderson and Wingard 
(18) report that the tobacco ring-spot virus is inactivated in 12 to 24 
hours at ordinary room temperature and that they never succeeded 
in getting infection from dry material, no matter how fresh it happened 
to be; on the other hand, they found that the virus may retain its 
virulence for at least 22 months when kept at a temperature of 
-18° C. 

Allard (1, 2) found that the tobacco-mosaic virus was still infectious 
after it had been bottled for four months. He later found (2, p. 636) 
that at the end of 231 days similarly kept extract of tobacco-mosaic 
virus was still highly infectious. 

Carle (16, p. 17) states that— 
oxidation might affect the vitality of the mosaic virus, and that a sucking insect 
flying from a diseased to a healthy plant and again feeding might regurgitate a 
minute quantity of the diseased juice without having exposed it to the air. 

With juice pressed from diseased canes, without oil covering, he 
inoculated 7 canes by means of a hypodermic needle thrust into the 
leaf spindle above the terminal bud. After about 6 weeks he observed 
2 infected plants, whereas from 10 inoculations made with oil-pro- 
tected diseased juice he observed 5 infected plants after about 4 
weeks. Seven other plants, inoculated in the midribs of young leaves, 
showed no symptoms of the disease. On the day after the tests with 
oil-protected juice some of the juice was used in 3 additional cane 
plants, but no positive infection developed. Because of the imper- 
fectly known technic of inoculation and the utter lack of understanding 
of host response and reaction, little could be said in favor of one pro- 
cedure over the other, particularly when there seemed to be a lack of 
uniformity in the results, even with the method that had been success- 
ful in one instance. 

At about the same time the writer (30) obtained 2 mosaic infections 
among 5 cane plants that had been inoculated with air-exposed 
infected juice. In another similar experiment he obtained 2 infections 
out of 20 inoculations. In both tests the period between inoculation 
and the appearance of the first mosaic symptoms was about 14 days. 
The tests of both Earle and the writer, however, unlike those of 
Brandes, were performed under conditions that did not preclude the 
possibility of natural infection by aphids. 

Following the studies of Brandes, Earle, and the writer, Bruner (//) 
attempted to transmit sugarcane mosaic, sometimes through the 
agency of Aphis maidis and sometimes without employing the 
insect vector; he also considered the possibility that exposure to air 
might have an inhibiting effect upon the virus in pressed-out 
sugarcane sap. To reduce the air exposure of the sap intended for 
inoculation he superimposed a mosaic-infected leaf upon a healthy 
leaf and, holding the two in close contact by finger pressure, he thrust 
a fine hypodermic needle rapidly through the infected leaf into the 
healthy one. In this manner he inoculated a tender leaf, a mature 
leaf, and an old leaf on each of 100 shoots comprising altogether 23 
cane stools of the variety Cristalina. The experiment was made 
November 6, 1920; and in March, 1921, only eight shoots in 3 stools 
showed infection. Bruner believed that the small percentage of 





May 1, 1933 Artificial Transmission of Sugarcane Mosaic 825 


infection in this experiment might have been due to the fact that his 
inoculated plants were well advanced in development and the rate of 
erowth was slow. In another experiment (his No. 8) Bruner injected 
infected juice that had been extracted under a cover of oil into 15 
sugarcane plants of the variety Cavengerie, while 15 other plants of 
the same variety were similarly injected with juice extracted in the 
air. The operations were performed rapidly and in each series only 
one minute intervened between extraction and inoculation. In each 
of the lots 3 plants became infected within about 8 weeks from the 
time of inoculation. Bruner (/1/, p. 21) states (translation): 

We can conclude that the diseased cane juice extracted without any provision 
against oxidation will reproduce the mosaic just as the juice extracted under a 
protective cover of oil if there is no delay in making the inoculation after extracting 
the juice. 

In 1920 Brandes (7) obtained no infection of cane plants of the 
Lahaina variety when juice from infected leaves, prepared without 
any oil protection, was rubbed with the fingers into either unbroken 
or needle-scarified surfaces of young leaves; nor did any infection 
result when inoculation was accomplished by scarifying the young 
leaf cells with a sharp needle dipped in the air-exposed mosaic- 
infected juice. Only 1 infection resulted from 10 inoculations made 
by numerous needle pricks with the same air-exposed juice. In other 
tests, where the inoculation methods just mentioned were employed 
except that the diseased juice was pressed from young stems under 
mineral oil, there were no infections. When a hypodermic syringe 
was used, 8 out of 10 inoculations made with oil-protected inoculum 
were successful, whereas only 2 out of 10 inoculations made with 
unprotected inoculum were successful. Using absorbent cotton wet 
with juice that had been pressed (without oil) from leaves and upper 
joints of diseased Lahaina sugarcane, Kunkel (23) rubbed the inocu- 
lum into wounded leaves of healthy Striped-Tip sugarcane plants. 
He performed 3 experiments, each with 6 plants, but reported no 
infections except from the third experiment, after a lapse of about 
3 months, when 5 of the plants showed mosaic symptoms. From 
2 to 3 weeks usually intervenes between the date of inoculation and 
the first appearance of symptoms of this disease. 

McRae and Subramaniam (29), using a needle, pricked juice from 
freshly crushed mosaic leaves into the leaf sheaths and stems of sugar- 
cane, maize, and sorghum. They reported many successful inocula- 
tions, but the proportion of infection to inoculation was highly 
variable; for instance, out of 16 shoots of the cane variety Coimba- 
tore 213, inoculated with juice from diseased Red Mauritius cane, all 
showed the disease; but out of 30 shoots of Coimbatore 213 inocu- 
lated with juice from Coimbatore 205 only 2 developed the disease. 
While this variability may perhaps have been due in some degree to 
differences in host relationships and possible attenuation of the virus 
in some varieties, it seems probable that the method by which the 
inoculum was secured and introduced into the healthy tissue was 
often at fault. 

Sein (32), using a fine needle, pricked freshly expressed diseased 
juice (without any oil covering) into the tender parts of the tightly 
rolled young leaves of cane shoots and obtained more than 50 success- 
ful infections in one experiment with 100 inoculated plants. Subse- 
quently he abandoned the use of extracted sap and adopted the 
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principles of Bruner’s (1/1) method; a band of expanded mosaic leaf 
was held tightly wdhcdhtes around the stripped cylinder of young, 
tender leaves of the healthy plant and the pin point was repeatedly 
thrust through the diseased tissue into the healthy leaves. Out of 
100 shoots inoculated in the open field by this method, 94 per cent 
showed infection. Sein thought that his very fine needle, thrust 
rapidly through the previously unbroken band of diseased leaf into 
the still tightly rolled cylinder of healthy young leaves, carried dis- 
eased material almost directly into healthy tissue without any con- 
siderable exposure of the material to the air. It is apparent, how- 
ever, that if exposure to air is really detrimental to this virus, the air 
between the two rather rough leaf surfaces may be sufficient to affect 
the virulence of the minute quantity of infected juice carried by the 
needle, no matter how firmly the band of diseased leaf is held by the 
fingers against the leaf cylinder. The advantage of using a very fine 
needle, as recommended by Sein, would come from the fact that the 
very small stab lesion resulting from the puncture would cause very 
little injury, and that the virus would thus be introduced directly 
into an environment of living cells. 

A study of these recent papers on the artificial transmission of 
sugarcane mosaic makes it evident that their authors have generally 
thought that this virus (or at any rate the expressed juice from dis- 
sased tissues) becomes greatly weakened or loses its capacity for pro- 
ducing mosaic symptoms if the inoculum is not used very soon after 
it is prepared, and especially if air has access to it during preparation 
or in the process of inoculation. 

It appears, though it has not been exactly thus stated, that the 
disease-producing capacity of the virus of sugarcane mosaic depends 
on its being in ‘intimate and practically uninterrupted association 
with the living cell contents of its host. No one has as yet recorded 
the occurrence of infection in healthy sugarcane plants from the 
application of decayed or dried material ‘from infected sugarcane 
plants or from air-exposed extract of diseased cane tissue when the 
extract has been kept a long time at ordinary room temperatures. 
It is commonly supposed that there are marked differences in sus- 
ceptibility to visible infection, not only among different varieties of 
cane at any given stage of growth but also among the several parts or 
regions of an individual plant. The inoculum from diseased plants 
has generally been applied to the growing point of the cane plant or 
the youngest leaves, and it seems to be an accepted conclusion that 
cane roots are not at all receptive to the introduction of the disease. 
The capacity of the virus to produce the symptoms of sugarcane 
mosaic seems to depend on a narrow range of external conditions as 
well as on the varying internal reactions of the host.® 


































EXPERIMENTAL METHODS 


The inoculum used in the experiments reported in this paper was 
obtained from young mosaic-infected suckers which sprang up from 
time to time from the bases of three mosaic-infected fully grown stools 
of the sugarcane variety P. O. J.’ 234. After the mature leaves had 
been discarded the remaining leafy portions, including the false 





® The inoculation method employed by McKinney (28) in his work with wheat and rye was tested, but 
in no instance did the inoculated sugarcane show infection. 
? Proefstation Oost Java. 





May 1, 1233 Artificial Transmission of Sugarcane Mosaic 


stems, of about 10 shoots were cut into }-inch lengths and ground in 
a meat chopper, slowly, in order to avoid overheating the material. 
The sharply grooved nut-butter-cutter disk furnished with the chopper 
was employed. All apparatus used had been sterilized by boiling in 
hot water. The ground material was received from the chopper in a 
20-ml porcelain evaporating dish, most of the liquid being then 
squeezed out by hand through cheesecloth. The nearly dry pulp 
was discarded and the green filtrate, which contained much material 
in suspension, including whole and broken chloroplasts, was stored 
in vials or flasks, without special precautions of any kind except, in 
some instances, in regard to temperature. 

When a cane shoot was to be inoculated some of this liquid was 
transferred by means of a pipette to the wedge-shaped opening 
between the youngest expanded leaf blade and the next younger leaf 
on the same side, which was still rolled. The blade of the youngest 
expanded leaf bends sharply away from the vertical axis of the plant, 
and its base partly clasps the false stem or leaf spindle, thus forming 
a sort of cup or reservoir that retains the liquid, while a small area 
of the outer surface of the most recently exposed but still rolled leaf is 
covered by the liquid. The relations of these two leaves and the 
expressed juice held between them are shown in Figure 1. A fine 
needle point (usually No. 216, Special Minuten Nadeln), set into a 
glass rod which served as a handle, was next passed horizontally, or 
somewhat obliquely downward, through the liquid and into the 
submerged area of the still rolled leaf. In addition to the direct 
downward punctures, several vertical cuts with the needle were made 
through the leaf tissue in order to allow the contact of the virus with 
the now severed fine transverse connections of the vascular bundles. 
This stabbing operation was repeated rapidly about 5 or 6 times, with 
gentle pressure; each needle thrust formed a new puncture, but all 
punctures were close together and were covered by the juice in the 
reservoir. This method of inoculation was found to be suitable for 
young sorghum and Digitaria plants as well as for sugarcane. Inocu- 
lations were usually made on a cloudy afternoon, when the light 
intensity was weak and evaporation was slow. 

The inoculated plants stood for many weeks in pots of soil in an 
ordinary greenhouse, at a temperature varying from about 25° to 
30° C., and were frequently inspected. Each inoculated culture had 
a green label showing how and when inoculation was performed. 
When mosaic symptoms appeared a red label was attached, bearing 
the date of the first appearance of the disease. Subsequent notes were 
added as the malady progressed. 

The greenhouse was screened, and no individuals of Aphis maidis, 
the natural transmitter of the disease, were observed in the compart- 
ments used or in adjacent ones. As has been said, no special pre- 
cautions were taken to protect the expressed juice from the air. Nor 
were any pains taken to use the extract immediately, although many 
inoculations were made on the same day as that on which the extract 
was prepared—usually after about 2 to 4 hours. When inoculations 
were not to be made until the day after the extraction or later, the 
inoculum was stored in open beakers or vials in an electric refrigerator 
at a temperature of about 4° C. At this temperature, as well as at 
higher ones, considerable development of bacteria and other micro- 
organisms was observed after 24 hours, and it was suspected that these 
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FicuRE 1.—Inoculation of a sugarcane shoot with extracted juice of a mosaic-infected plant. A 
drop of infected liquid is placed at the wedge-shaped opening between the youngest expanded 
leaf blade and the next younger, still rolled leaf. The fine needle point is passed through the 
liquid and into the liquid-covered area of the rolled leaf 





May 1, 1933 Artificial Transmission of Sugarcane Mosaic 829 


might partly account for some inactivation of the stored extract. 
Tests in which stored extract was kept at a temperature below the 
freezing point of water were therefore made. For these tests several 
somewhat different procedures were tried. (1) Freshly expressed 
juice from infected cane was kept in open vials in the freezing compart- 
ment of an electric refrigerator from within 1 hour after the crushing of 
the diseased material until the inoculum was used. The temperature 
of this compartment was — 6° C., and the liquid became solidly frozen 
within 24 hours, being thawed at room temperature just before use. 
(2) Fresh diseased extract in similar open vials was frozen solid 
within 20 minutes after extraction, by means of blocks of solid carbon 
dioxide pJaced alongside in a small, suitably insulated box. The vials 
of frozen inoculum were then transferred to the refrigerator compart- 
ment just mentioned, where the material remained frozen, at about 

6° until thawed for use. (3) Fresh juice from mosaic sugarcane 
was first stored for 6 days at 4°; it was then transferred to the freezing 
compartment of the refrigerator (—6°) and stored there until thawed 
for use. 


EXPERIMENTAL DATA 


INOCULATION TESTS 


Data for several hundred inoculation tests made in the spring and 
summer of 1931 are presented in Table 1. In all these the inoculum 
employed was juice expressed from mosaic-diseased sugarcane of the 
variety P. O. J. 234, and the method of inoculation was usually that 
described in the preceding section. It is, of course, understood that a 
single inoculation of this kind includes several separate needle punc- 


tures, all close together. This type of inoculation is herein designated 
as the ‘‘regular’’ method. In a few instances other methods of 
inoculation were used. Tests were made on the Black Amber variety 
of sorgo and on six mosaic-susceptible varieties of sugarcane, namely: 
Louisiana Purple, P. O. J. 36-M °, D*-74, P. O. J. 234, Crista- 
lina, and B. H." 10/12. In each experiment a young, vigorously 
growing, and apparently healthy plant 1 to 2 feet in height was em- 
ployed for each inoculation. The results of these tests are shown in 
Table 1. 

Specific records of control plants are omitted, since such records 
would constitute merely a series of repetitions. In each test, however, 
control plants as nearly like the inoculated plants as possible were used. 
The controls received the same treatment as the inoculated plants 
except that they were not inoculated. The number of controls was 
usually the same as the number of inoculated plants, but in some 
instances it was much larger. Several hundred healthy surgarcane 
plants growing in the greenhouse were continually under observation 
until March, 1932, and these served as additional, though undesig- 
nated, controls. None of the uninoculated plants, whether designated 
as controls or not, showed any mosaic symptom during the period of 
observation (from April, 1931, to March, 1932). As the records show, 
however, inoculation did not always produce infection. 

* Mingka selection of P.O.J. 36 


* Demerara. 
!0 Barbados hybrid 
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TABLE 1.—Results of inoculating Black Amber sorgo and six susceptible varieti« 
of sugarcane with mosaic virus under various conditions in 1932 


Inoculum | Inoculations Infections observed 


Exper- 
Variety iment 
No. 


Stor- 

age — 
Age | tem- Date — —_ 
| pera- 
ture 


Num- 


ber Total 


Date 


| Hours 


Sorgo (Black Amber) -- lis 


ee et er 


[\dune 


biacaa’ 
\June 


Sugarcane: 
May 
‘ . May i 
Ap. 3 ) |)May 24 
May 25 
May : 
June 
June 
June 
{jae ay 
|; June 
June 
June 
May 2: ‘ } 
May |\June 


| May 


Louisiana Purple do 


eee Senne ln) 


do 


..do-. | June 
June 23 | | July 


Hours | 
ei) () | May 27 c 
Days | [July 
26 June If 5 ¢ Gui 
uly 
July 
Aug. 
| Aug. 
| Tlours | Aug. 
|} 2-4) ‘ 4 q ( Aug. 
| Aug. 
Aug. 
Aug. 
Sept 
| Aug. 
P.O. J. 36-M-.. | 24 91 | 2 < 4 
r Aug 
Aug. 
| Days | | | Aug 
4 | Aug. 
| Aug. 
| Oct. 
, Oct. 
| Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct 
Oct. 
do.. 10 Oct. 





fee eet ee tt Ne ee RN 


e ° The inoculum was stored at room temperature. 
The plants were inoculated by rubbing the extract into oe young leaves by means of a glass rod 
The regular method of inoculation was employed (p. 827 

4 The plants were inoculated by injecting the extract into : rolled leaf by means of a hypodermic syringe. 
The regular method of inoculation was employed, but the leaf tissue was not punctured. 

‘ The regular method of inoculation was employed except that a coarse needle was used. 

¢ The extract was frozen within 20 minutes after being prepared, previous to storage. 

+ In storage the extract became frozen within about 24 hours after preparation. 

‘ The extract was stored for 6 days at 4° C., then frozen and stored at —6°. 
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TaBLE 1.—Results of inoculating Black Amber sorgo and six susceptible varieties 
of sugarcane with mosaic virus under various conditions in 1932—Continued 


Inoculum Inoculations Infections observed 
Exper- : 
Tat Ss - 
Variety iment as 
be J - > - 
me. | an, | ee Date |Num-| Meth 
pera- 
ture 


Date Num- 


ber od ber otal 


Hours 

fJune 2: 
\June ; 
fJune ; 
\July 


24 June 
24 June 


Hours 
2-4 ‘ July : 5 ‘ Aug 
Oct 
Oct 
\ Oct 
Oct. 
fOct. 
\Oct. 


Days 
28 | *—6 | Sept 


do 





do 
July 
June 2: : ‘ July 
July i 
June 2 ‘ | July : 
; = P ; te fOct. 
P.0.3. 2A F 2 2 Sept. Oct. 
Oct. 
do Oct. 
do-_. 
Cristalina = 3% - June 27 ‘ July 
Oct. 
Sept. 17 | ‘ 4 Oct. 
Oct. 
Oct 
do ‘ 4 Oct. 
\Oct. 


B. H. 10/12 


do- 


» The inoculum was stored at room temperature. 

The regular method of innoculation was employed (p. 827). 

The extract was frozen within 20 minutes after being prepared, previous to storage. 
h hIn storage the extract became frozeu w —_— about 24 hours after preparation. 

The extract was stored for 6 days at 4° C., then frozen and stored at —6°. 


RELATIVE EFFECTIVENESS OF DIFFERENT METHODS OF INOCULATION 


Experiment 1, Table 1, shows that sorgo may be successfully inocu- 
lated by merely rubbing the extract into the leaves without puncturing 
the tissue; out of 12 tests, 8 were successful. This rubbing method is 
not usually so efficient in transmitting the disease, however. Experi- 
ments 2 and 3, also with sorgo, show the relatively low degree of 
efficiency of inoculation by means of a hypodermic syringe as com- 
pared with inoculation by means of a drop of inoculum and several 
fine-needle punctures (regular method). Out of 12 tests, the syringe 
method gave only 2 infec tions; the regular method gave 8. 

Experiments 4 and 5, also with sorgo, confirm the frequently re- 
peated observation that merely placing inoculum on the surface of the 
young leaf, without puncturing, is not a successful method of inocula- 
tion. In each of these cases there were 6 tests; the regular method 
gave 3 infections; the same procedure without puncturing gave none. 
E xperiments 9 and 10, with Louisiana Purple sugarcane, show similar 
results; the regular method gave 6 infections out of 11 inoculations, 
whereas 10 similar inoculations without puncturing resulted in no 
nfection. 
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Experiments 7 and 8, with Louisiana Purple sugarcane, indicate 
that where the regular method of inoculation is employed a very fine 
needle gives a higher percentage of successful infections than does a 
coarse dissecting needle. In these two experiments the use of a very 
fine needle resulted in 7 infections out of a possible 13, whereas when 
a coarse dissecting needle was employed there were only 3 infections 
out of a possible 12. 


INFLUENCE OF TEMPERATURE AND AGING ON INFECTIOUSNESS OF INOCULUM 


Because of the preliminary nature of the study reported in this 
paper, the data available for any single variety of plant are not 
sufficiently extensive to warrant quantitative comparison of the sev- 
eral varieties tested. It is obvious, however, that when inoculation 
was made in the regular manner, all the varieties were capable of 
infection. 

The relations between the result of inoculation and the temperature 
and period of storage of the inoculum may be shown if the whole 
series of experiments in which the regular method of inoculation was 
employed is divided into categories according to the preinoculation 
treatment given to the inoculum, without reference to either plant 
variety or number of repetitions. Such a classification is shown in 
Table 2, which comprises all the experiments listed in Table 1 except 
Nos. 1, 3, 4, and 8, in which the regular method was not employed. 
Since there is no evidence that date of inoculation or season of the 
year have influenced the results of these experiments, the dates of 
the experiments, as given in Table 1, are not repeated in Table 2. 
The percentages of infection for the various groups, given in the last 
column of Table 2, indicate approximately the corresponding relative 
effects of the various treatments on the infectiousness of the mosaic 
virus. 

The mean percentages of infection for groups 1 to 4 indicate that 
the virulence or infectiousness of the extract used as inoculum tended 
to decrease with longer storage at a temperature as low as 4° C. 
The tests of group 1 (with nearly fresh extract) show a mean per- 
centage of 66, those of group 2 (with extract that had been stored 
about a day at 4°) show a corresponding percentage of 44, and those 
of group 3 and of group 4 (with extracts that had been stored at 4° 
for about a fortnight and for about a month, respectively) show 
corresponding values of only 22 and 21. Infectiousness appears to 
have been reduced, however, only by about two-thirds (from 66 to 21 per 
cent) as a result of the longest storage at 4°. About two weeks of 
storage at 4° appears to have resulted in as much reduction as was 
shown when the extract had been stored nearly a month; the mean 
infection percentages for groups 3 and 4 are not significantly different. 
These results show that expressed juice of mosaic-infected sugarcane 
stored in open beakers or vials for several weeks at a temperature some- 
what above the freezing point of water did not completely lose its 
infectiousness. Such storage, however, even for a single day, pro- 
duced a marked reduction in the mean value of the infection per- 
centage. 
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TABLE 2.—Relative infectiousness of similar mosaic extracts (from infected sugarcane 
P. O. J. 234) variously treated prior to their use in making inoculations 


Group : Experi- Inocu- 
Treatment of inoculum ment Plant inoculated la- Infections 
No. tions 


Num-| Num-| Per 


ber ber cent 
| 5 | Sorgo 6 3 50 
rf ici¢ ¢ > » » 4 
1 | Extract stored only about 2 to 4 |) 13 24R Se . ° = 
hours at room temperature | 15 he hy , : 30 on 67 
‘ « “ 
23 | D-74 cane 6 5 83 
| - = 
Total 59 39 66 
{ 2) Sorgo 12 8 67 
: i ; - . 
2 | Extract stored about 1 day at 4° C ° =r “cn Purple cane = ~ 
7 : 7 5 
| 16 | P. O. J. 36-M cane 24 4 17 
Total 55 24 44 
{ 11 | Louisiana Purple cane 5 1 20 
3 | Extract stored 10 to 14 days at 4° C 12 do 11 3 27 
17 | P. O. J. 36-M cane 30 6 20 
Total 46 10 22 
14 | P. O. J. 36-M cane 5 3 60 
21 | D-74 cane 16 3 19 
99 9 
4 | Extract stored 25 to 28 days at 4° C 7 P re : J. 234 cane 4 3 = 
2 do 11 l 9 
32 | Cristalina cane 6 | 17 
Total 61 13 21 
= . sie . & >, O. J. 36 -ane 5 5 
5 | Extract frozen within 20 minutes | a e. a bce M cane . 4 4 
after preparation, then stored 29 | P.O. J. 234 cane 10 3 20 
- 97 davs at —6° C 2¢ . O. J. 234 e : 7 
about 27 days at —6° ( | 33 B. H. 10/12 cane 10 4 10 
Total 40 18 45 
sf > eta ~e > 7 7 
6 | Extract stored about 27 days, at { je 4 A toc nedentes 10 9 = 
—6° C., becoming frozen within | 30 | P O 5 934 cane 10 3 30 
first 24 hours | 34 | B. H. 10/12 cane. 10 5 50 
Total 40 17 43 
n > 234, » > 
7 | Extract first stored 6 days at 4° C., [ = 4 fic ene = H 7 
then frozen and stored 20 days at 31\P 0 J 234 cane 10 0 0 
a : . O. J. 234 e: 
. : 35 | B. H. 10/12 cane 10 0 0 
Total 40 1 3 


To secure the highest percentage of infection it appears to be de- 
sirable to use the extracted juice while fresh. Storage in an ordinary 
refrigerator, however, may be expected to preserve the infectiousness 
of this virus for a long time, despite its apparently progressive loss of 
virulence. 

The percentages for groups 5, 6, and 7 indicate that a storage tem- 
perature somewhat below the freezing point of water preserved the 
virulence of the virus much more satisfactorily than did a temperature 
of about 4° C. As might be expected, for freezing storage it appears 
to be desirable to bring the extract into the frozen condition soon 
after its preparation, for a 6-day storage at 4° followed by a 20-day 
storage at —6° gave very unsatisfactory results (group 7, with mean 
percentage of only 3). Nevertheless, the percentage value for group 
5 (with quick freezing) is only slightly—and probably not signifi- 
cantly—higher than that for group 6 (without quick freezing). It 
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may therefore be recommended that extract of mosaic-infected sugar- 
cane intended for inoculation tests similar to those of the present 
study should be prepared at a temperature as low as is feasible (with 
cold press and vessels) and brought to a freezing storage temperature 
promptly. It is important to note that extract stored for nearly a 
month at —6° (groups 5 and 6) gave, on an average, infection per- 
centages (45 and 43), approximately the same as that given by similar 
extract stored at 4° for a single day (group 2, with a mean percentage 
of 44). Since it appears that the freezing of the extract did not dimin- 
ish its infectiousness, it might be desirable to employ freezing of the 
infected tissue to aid in freeing the juice from the cells, as has fre- 
quently been done when plant tissues were to be extracted for other 
purposes. The infected material would thus be first frozen, then 
thawed, ground, and pressed, and finally stored at a freezing 
temperature. 

Although the rather broad field explored 1 in this preliminary study 
and the consequent lack of extensive series of strictly comparable 
data make the application of detailed numerical computations and 
more precise analytical methods inapplicable, yet it may be inter- 
esting to note that the highest infection percentages for individual 
experiments are shown for experiments 13 and 23 (group 1, with fresh 
extract) and for experiment 6 (group 2, with extract that had been 
stored about 1 day at 4° C.), each of which gave 5 infections out of 6 
inoculations, or 83 per cent of successful transmission of the disease. 
The next lower individual percentages (67 to 70) were given by experi- 
ment 15 (group 1, with fresh extract), experiment 2 (group 2, with 
extract that had been stored about 1 day at 4°), and experiment 19 
(group 6, with extract that had been stored about 27 days at —6°). 


DISCUSSION 


The causative substance or virus of the sugarcane mosaic disease, 
when separated from the host, seems to be much more sensitive to its 
surroundings than are some of the other and better known plant vi- 
ruses, which may be readily and successfully transmitted by the simple 
operation of rubbing into the bruised tissues of an uninfected plant 
a minute quantity of material from crushed cells of a diseased plant. 

The deterioration of the juice expressed from infected plants is 
probably the result of a number of factors. When cells are crushed 
and pressed the physical, chemical, and physiological influences nor- 
mally prevailing in the living cell contents must undergo great altera- 
tion; the characteristic vital coordinations are disturbed and the 
activities of various catalytic agents, such as the enzymes, become 
either retarded or accelerated. Furthermore, the relations between 
the extracted juice and the atmosphere, especially those connected 
with the interchange of oxygen and carbon dioxide, must be very 
different from the corresponding relations between living cell con- 
tents and the atmosphere. Moreover, bacteria or other microorgan- 
isms may become active in the expressed juice. 

The many failures that have attended attempts to transmit the 
sugarcane mosaic by means of expressed sap, even when freshly pre- 
pared, indicate that successful transmission may depend on some 
specific manner of introducing the extracted sap into the healthy 
plant. The tissue with which the inoculum first comes in contact 
must serve as a suitable and receptive medium for the continuation 
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of the life or activity of the infective substance, or it must at least 
offer a vehicle for the conduction or transfer of that substance to 
cells that are capable of harboring it and disseminating it through the 
plant. In his study of the mechanics of inoculation, Brandes (9) 
pointed out that Aphis maidis, the only known natural vector of 
sugarcane mosaic, apparently causes no perceptible destruction of 
tissue as it feeds on the leaf of maize, although the fine setae of the 
insect’s proboscis pass through the epidermis of the leaf, and generally 
past several cell layers until they penetrate the phloem. The slight 
surface wounding caused by the aphid seems to produce no serious 
injury, nor do the disease symptoms appear first at the place of 
puncture. As shown by the writer (30) and others, mere surface con- 
tact between healthy and diseased sugarcane plants does not bring 
about transmission, since leaves of healthy plants in the field in 
contact with leaves of diseased plants remained healthy indefinitely. 

It seems clear that in order to produce infection, virus or infected 
juice must come into intimate contact with the inner cells. But 
artificial applications to interior tissues do not always lead to infec- 
tion. According to Stevenson (37), Earle (16), the writer (30), and 
Sein (32), the application of diseased tissue or juice to knife-cut sur- 
faces of internal stem tissue of healthy plants or cuttings did not pro- 
duce the disease. Nevertheless, Bonazzi (5) reported successful 
inoculations through comparatively large stem wounds made with a 
borer, and Wilbrink (47) induced infection in healthy seed cuttings 
by cutting them with a knife that had been used to cut diseased cane. 
Brandes (9) suggested that in plants inoculated by means of aphids 
the phloem may be the path of transmission and that in successful 
artificial inoculations through mature stem tissue the infection may 
have been transmitted to the new shoots by way of the vascular 
bundles rather than through the mature and inactive parenchyma- 
tous tissue. The success or failure of inoculation experiments with 
this mosaic may be explained by assuming that infection is most apt 
to result from artificial introduction of diseased juice if the operation 
is so performed as to bring the inoculum into immediate contact with 
some special cells of the vascular bundles without undue injury either 
to these or to the overlying tissues. 

Since this virus is systemic in the infected host plant; since the host 
with the virus in it continues active existence almost indefinitely, 
although in many cases small regions of dead or shrunken parenchyma 
may be observed in the stems of infected plants (30); and since the 
virus loses its potency in dead tissue, it follows that the virus is not 
only naturally adapted to the living cells of the host but that its 
virulence depends upon the conditions of living tissue. 

When successful inoculations were made through the rolled leaves 
of a young cane plant the first visible symptoms of mosaic were gen- 
erally observed only after two weeks or more, usually as much as 12 
inches or more below the point of inoculation and in the second or 
third leaf, but not in the outermost and oldest leaf of the spindle into 
which inoculation had been made. At the same time first symptoms 
were often discernible in inner leaves of the spindle that had not been 
reached by the infecting instrument at all. The virus must have de- 
scended several inches through the first infected older leaf or leaves to 
their insertions, whence it seems to have passed into the bases of the 
younger leaves, moving upward with their growth until the symptoms 
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became visible as the leaves expanded. In this respect sugarcane 
mosaic is like other mosaic diseases. It may, therefore, be supposed 
that the virus is not at once active in the produce tion of mosaic symp- 
toms in an inoculated leaf, but that it passes downward in that leaf 
for a long distance without causing visible injury and produces visible 
symptoms only after it has mov ed upward into still younger leaves. 
This supposition appears to agree with observed facts. There is 
reason for believing that the path of descent may be in the phloem. 

Whatever the method by which diseased sugarcane juice has 
previously been applied to healthy plants—whether it has been 
rubbed into wounded leaves, injected with a hypodermic syringe, or 
pricked in with a needle—no attempt apparently has been made to 
prevent access of air to the lesions. It is reasonable to suppose that 
the hydrostatic and gas pressures that prevail in the vessels and in 
the closed intercellular spaces of the healthy sugarcane leaf are some- 
what lower than the gas pressure of the external air and of the sub- 
stomatal and other gas-filled spaces that are in direct communication 
with the external air, especially when transpiration is proceeding 
rapidly. Under such conditions of pressure gradients, minute quanti- 
ties of air would promptly enter any wound or incision made in 
the leaf, usually before the entrance of the liquid inoculum, no 
matter how promptly the latter might occur. Thus it may happen 
that at least some portions of the internal tissue surfaces suddenly 
exposed by a mechanical incision become covered with a thin gas 
laver before they are really reached by the diseased juice, and ac tual 
access of the latter to such gas-covered surfaces may be greatly re- 
tarded or even prevented. It is believed that these possibilities were 
largely avoided in the present experiments by first covering the 
region where inoculation incisions were to be made with a drop of 
the liquid inoculum, which remained in position as a water seal over 
the incisions until reduced and removed through evaporation and 
absorption; suction or diffusion of virus into the wounds continued 
to occur long after the completion of the stabbing operation. This 
expedient of making the needle stabs through a properly placed 
drop of diseased juice gave added assurance that the needle point 
was always thoroughly wetted with the liquid as it entered the 
foliar tissue. 

Because of turgor, the hydrostatic pressure of living cells, including 
the elements of the phloem, is greater than that of the sap in the 
vessels; it exceeds also the gas pressure of the atmosphere and of the 
intercellular spaces. Hence some exudation may occur from living 
cells that happen to be penetrated by the stabbing needle. When 
stabbing is performed through a drop ‘of diseased juice the sucked-in 
inoculum should tend to come into immediate contact with any 
extruded cell contents, and the complex system of surface-tension 
gradients thus set up should result in convection currents that would 
effectively mix the two liquids. This sort of mixing action would be 
much more rapid than simple diffusion and might continue for a 
long time after the operation of stabbing had been completed. 


SUMMARY AND CONCLUSIONS 


In this paper the present state of knowledge concerning the mosaic 
disease of sugarcane is reviewed and new “experimental results of 
inoculation tests with this mosaic are presented. A new method of 
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inoculation is described. In inoculation tests on healthy plants of 
the mosaic-susceptible sorgo variety Black Amber and on the mosaic- 
susceptible sugarcane varieties, the extracted juice of diseased sugar- 
cane was used as inoculum. In making an inoculation a drop of 
inoculum was placed in the wedge-shaped opening between the base 
of the youngest expanded leaf blade and the next younger leaf, 
recently exposed but still tightly rolled, on the same side of the false 
stem or leaf spindle. Through the liquid held in this wedge-shaped 
reservoir a very fine needle was repeatedly thrust with gentle pressure, 
pricking the submerged area of the rolled leaf. The pricking or 
stabbing was thus done under the liquid, which was allowed to 
remain in place till it evaporated or was absorbed. Where fresh or 
properly stored juice was used, high percentages of infection generally 
resulted within a few weeks, although the juice was never protected 
from the air. Except in inoculated plants, no infection was observed 
at any time during the investigation either in plants serving as con- 
trols or in other plants in the greenhouse. 

The results obtained indicated that expressed juice of mosaic- 
infected sugarcane tends increasingly to lose its infectiousness if 
kept in open beakers or vials for a day or more at room temperature 
or even at a temperature of about 4° C. This tendency was largely 
overcome, however, when the juice was stored in open vessels at a 
temperature of about —6°, at which the liquid became solidly frozen 
within 24 hours, and so remained until thawed at room temperature 
just before it was used in inoculation tests. High percentages of 
infection were obtained when inoculations were made (by the new 
or ‘‘regular’’ method) with juice that had been stored in the frozen 
condition for as long as 27 days. Infectious juice that had been 
kept for 6 days at a temperature of 4° and was then frozen and stored 
for 20 days at —6° was found to have lost most or all of its infec- 
tiousness. In the light of present knowledge it may be recommended 
that infected juice for inoculation experiments of the sort here re- 
ported be frozen as soon as feasible after its preparation and be kept 
frozen until thawed for use; and also that the grinding and pressing 
operations by which infected juice is prepared should be performed 
at a temperature as low as possible. 
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THE EFFECT OF COOKING ON THE VITAMIN A AND C 
CONTENT OF FRESH AND DRIED APRICOTS! 


By AcNnes Fay Moraan, Research Associate in Nutrition, ANNA F1e.p, formerly 
Research Assistant in Fruit Products, and P. F. Nicnous, Associate in Fruit 
Products, California Agricultural Experiment Station 


INTRODUCTION 


The effect of drying on the vitamin content of fruits has been the 
subject of investigation in the laboratories of household science and 
fruit products of this station for a number of years. The A and C 
vitamins have been considered chiefly and the fruits studied were 
peaches, prunes, and apricots. As previously reported (4, 6)* vitamin 
C is well retained by sulphured, dehydrated, and sun-dried fruit but is 
largely lost by the unsulphured dried products. In apricots a mini- 
mum of 470 parts per million of sulphur dioxide in the dried product 
was found to be necessary for satisfactory preservation of the anti- 
scorbutic property. Lye dipping previous to the sulphuring was 
found to be necessary in the case of prunes in order to produce suffi- 
cient penetration of the protective sulphur dioxide to effect the preser- 
vation of the vitamin C in the dried product. 

Vitamin A was shown (5) to be well retained, 40 to 100 per cent 
usually, by dried peaches and prunes, both sulphured and unsulphured, 
and less well preserved in the dried apricots, 16 to 51 per cent. The 
dried apricots nevertheless were fairly rich in vitamin A because of 
the unusual endowment of the fresh fruit. Both sulphuring and 
dehydration were favorable to the retention of this vitamin as well 
as to that of vitamin C. 

The question was raised by Nelson and Jones* of the Bureau of 
Chemistry and Soils, United States Department of Agriculture, as 
to the applicability of these findings to the processed sulphured dried 
fruit usually found on the market. They reported that very little 
vitamin C remained in five samples of processed and resulphured 
apricots, although the first sulphuring was found to exert a striking 
preservative effect on this vitamin. 

No detail was reported, and in a later summary (3, p. 24) the 
statement was made that— 
sulphured apricots retain their original vitamin C content remarkably well 
through commercial processing and subsequent storage, whereas dried unsul- 
phured apricots are devoid of this vitamin. However, ordinary methods of 
cooking destroy the vitamin completely, and if the practice of sulphuring is to 
be of any practical significance in the preservation of vitamin C it will be necessary 
to devise other methods of preparing the fruit for the table. 

Before the publication of these comments a series of tests had been 
begun in these laboratories designed to answer both questions raised, 
namely, (1) the effect of processing and resulphuring and (2) of cook- 
ing on the vitamins of sulphured and unsulphured dried apricots. 
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PREPARATION OF THE FRUIT 


The fruit was prepared as previously described (6), particular care 
being taken that the frozen fresh fruit when packed was completely 
deoxygenated by evacuation and refilling with nitrogen. Royal 
apricots from the same orchard were used in preparation of samples 
S1, S2, and S3 (Table 1) and, in preparing S4, fruit from an adjoining 
orchard was used which had been harvested at the same time. As 
indicated in Table 1 the last sample was subjected to the usual 
commercial storage for at least five months and was then processed 
and resulphured according to current commercial practice. 

TABLE 1.—Preparation and composition of fresh and dried Royal apricots 


Lot Mois- Net Sulphur 
Treatment of fruit No Method of preparation ‘tare shrink-| pH | dioxide 
eile . age content 





Parts per 
Per cent| Per cent million 
Fresh frozen ox Pitted, ground, evacuated, released 79.4 3.70 aie 
with nitrogen twice, and sealed and 
kept at —17° C. 
Sulphured, sun-dried __- S2 | Pitted, sulphured 4 hours, sun-dried 9 17.5 4.01 | 3.40 480 
days, ground, packed in 8-ounce tin 
cans, stored at 0° C. 


Unsulphured, sun-dried_| S3 | Prepared as 82 but without sulphur- 14.7 4.14 | 3.75 = 
ing. 
Processed, sulphured, S84 | Prepared as S2 but held in ordinary 24.9 3.65 | 3.50 1, 090 


months, then processed in the usual 
commercial fashion, ground, packed, | 


sun-dried. | storage at room temperature for 5 
} } 
} | and stored as was S82. 


THE COOKING PROCESS 


The cooking of the fresh apricots was carried on in approximately 
500-g lots without added water in a covered container over boiling 
water. The temperature of the fruit was brought to 85° C. in 15 min- 
utes and maintained there for 5 minutes, a total cooking time of 
20 minutes. The mixture was stirred twice during this interval 
without removing the cover. The doses of fresh fruit were weighed 
after cooking. The dried fruit was soaked in a small quantity of warm 
water for 15 minutes and was then cooked by the same method used for 
the fresh fruit. All dried-fruit doses were cooked separately in order 
to eliminate variations in water content. The ground dried apricot 
cooked in this fashion is quite tender and palatable. This method of 
brief soaking and rapid cooking of dried fruit has recently been advo- 
cated by several workers (10) although somewhat longer periods 
(15 to 20 minutes total cooking, 3 to 5 of which was at boiling tem- 
perature), than those used in this study were found desirable for cook- 
ing unbroken apricot halves. Part of the tests were made on dried 
fruit soaked 2's hours in boiling water and then cooked 15 minutes 
over the open flame. No difference in effect upon vitamin content 
was noted between this and the other methods used. 


EXPERIMENTAL RESULTS 
THE VITAMIN C TESTS 

The methods used in testing for vitamin C were those previously 
described. The period of feeding was maintained at 60 days, which 


period this laboratoy had found to be as satisfactory for vitamin 
C assay as 90 days (6). 
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TABLE 2.—Vitamin C content of raw and cooked fresh apricots 


Average weight of | Aver- 


F Is age gain| AVer- | 
Quan- | Guinea a pe oy age | c, ie 
Treatment and crop | Condition |tityfed| pigs - OF 088 | length mov? 
} | daily | used 2 | of pe- | Sore 
| y | Initial | Final | @@inor weight riod 
| . loss |perday ” 
| ae pO Reade’ 
; | Grams |Number| Grams | Grams | Grams | Grams | Days 
\ Raw.._._.| 10 | 3| 340; 304 —36| —0.6 56 | 8 
Cooked - - -| | 4] 343) 263 —80} —1.6| 49 | 12 
' es 15 4 | 327 | 508 181 3.2 60 0 
Fresh frozen, 1930 crop Cooked - - - ‘ 7 | 359 | 417 58 1.1} 51 | ) 
Raw --..-- 20 4 325 488 163 2.8 58 0 
Cooked. - -|-- 5 351 | 453 102} 1.8 56 | 3 
ie ete 30 2| 352 542 190} 3.8 50 | 0 
‘ Raw---- 15 3 347 459 112 2.2 51 0 
Fresh frozen, 1929 crop { yo ¢ 25 3 | 304 452 128 | 2.0 64 0 
| | | | 
q 
As shown in Table 2 and Figure 1, 15 g of the fresh raw apricot 
t=) b t=) 
daily afforded full pro- > 
tection against scurvy ee of 
as indicated by the &.”% et 2 
) sual sv findi . 175F "a © *% 7 
usual autopsy findings, ee o °- 
but more than 20 g of F “ 
the cooked fresh fruit 150 a 


was needed for similar 
protection. There 
would seem to be a 
consistent loss of anti- 
scorbutic value in this 
fruit attributable to the 
amount of cooking used 
in these tests. This 
loss is apparently 30 to 
50 per cent of the vita- 
min © activity of the 
fresh raw fruit. 

Similar cooking of the 
sulphured dried apri- 
cots, $2, brought about 
less decrease in the vita- 
min C value. The dif- 
ferencesin scurvyscores 
and in rate of growth, as ° 
shown in Table 3 and “50 % 
Figure 2, by the animals % 
fed the same dosages, -75- oe Ri 
raw and cooked, are i l l l \ ! 
considerably smaller 0 10 20 30 40 50 60 


than in the case of the . 
fresh apricots. The Time (days) 


sulphur dioxide May Figure 1.—Average growth curves of guinea pigs fed various quanti- 
exert its protective ef- ties of raw and cooked fresh apricots, 81. When one or more animals 
> r . in a group died or was sacrificed the curve is continued as a dotted line 
fect on the vitamin 

during the cooking as well as during the drying process. Since the 
raw, unsulphured, dried fruit, as was found in a number of cases pre- 
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viously, is too poor in the antiscorbutic property to afford any notice- 
able protection it was not deemed worth while to make the test with 
cooked unsulphured dried fruit (4). 


TABLE 3.—Vitamin C content of raw and cooked, sulphured and unsulphured, 
dried apricots 


Quantity | Average weight 
fed daily of animals 


Retention of 
vitamin C of 
fresh raw fruit 

(per cent) 


Treatment Lot | Condi- 
and crop No tion 


Dried fruit 


Guinea pigs used 


Gain or loss 
Average 
Scurvy score 


Initial 


Gms | t Gms | Gms | Gms | Days 
XS 305 | —43 |—0.9 49 
368 56 0.9 60 
35 0.4 56 | 
| 60 
5 60 
60 | 
60 
60 
44 | 


57 


> 


. 12 
Sulphured | 
sun-dried, io 


. aw and 
cooked, 4 
1930 crop. 


16 100. 


oe el 


Choe tes 


After storage 
at room tem- ae || Cooked - 
perature for |{ ~~ .do 
| year. 
nsulphured 
sun-dried, |7 83 | Raw__. 
1930 crop. 
Jnsulphured 
dehydrated, ...do 
1929 crop. | 
Jnsulphured 
dehydrated, . do... 1 
1928 crop. 


}}R aw 
ty cooked, 
| about 40. 


os 


do 


\ 

J 

| 

Sulphured j 
sun-dried, ||, | 
processed, - Y x f 
\ 

J 

\ 

j 


Co 


aw and 
cooked, 


1930 crop. about 50. 


Cooked 
|| Raw 

Cooked 

Raw 


338 | 
339 
330 | 437 





— & Db 


After storage at room temperature for one year the vitamin C con- 
tent of the sulphured dried fruit, $2, was tested again, both raw and 
after a longer cooking process. The fruit which had been ground and 
kept in 8-ounce tin cans, was soaked for 2 hours in three times its 
weight of water which was boiling when it was added to the fruit, and 
was then cooked over the open flame for 15 minutes. The doses 
could be measured accurately in equivalents of the raw material by 
comparing the weights of the cooked and raw fruit. As shown in 
Table 3 a considerable loss of vitamin C occurred during the long 
storage of this fruit, a loss possibly correlated with the corresponding 
loss of sulphur dioxide during storage now under investigation in the 
fruit products laboratory (8). 

The same influences which produce oxidation of the sulphur dioxide 
may operate to oxidize the vitamin. At any rate, after storage at 
room temperature for one year or more, 5 g of the sulphured, dried 
apricots either cooked or raw did not protect the animals as nearly 
completely from scurvy as when the fruit was first tested, but appeared 
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equivalent antiscorbutically to only 2 g of the original lot. Even 8 g 
cooked provided only partial protection, about equivalent to that 
afforded by 3 g of the fruit originally tested. Thus apparently only 
40 per cent of the antiscorbutic property was retained after long 
storage. 

The sulphur dioxide content of this stored specimen was tested and 
found to be only 330 p. p. m. as compared with 480 p. p. m. when the 
fruit was first prepared. This loss of 31 per cent of the sulphur di- 
oxide may be com- 
pared with the loss of 1757 
60 per cent of anti- 
scorbutic value. <A 150 
further test was made 
of the sulphur dioxide 
remaining in the 
stored fruit after the 
cooking processabove 100 
described (15 minutes 
rapid boiling over the 
open flame). It was 
found that less than 
half the quantity pres- 
ent in the raw sample 
remained, or only 160 
p. p. m., a loss of 52 
per cent due to cook- 
ing. Ifthereisanyad- 
vantage to be gained 
by decrease in the sul- 
phur dioxide ingested 
with dried fruit this 
decrease during cook- 
ing may be looked 
upon as favorable, 
particularly since it 
seems to be accom- 
panied by no concom- 1 1 v \ 1 A 
— loss of vitamin. 0 10 20 30 40 50 60 

The processed re- ; 
nite fruit, S4, Time (days) 
was found to be less FIGURE 2. Average growth curves of guinea pigs fed various quantities 
well endowed with vi- oe laa sulphured, dried apricots, 82 and raw, unsulphured 
tamin C than the un- 
processed specimen S2, although with 8 and 10 g doses both raw and 
cooked nearly complete protection was afforded. Here again as in S82, 
shown in Figures 2 and 3 and Table 3, the cooking apparently had 
little destructive effect upon the vitamin. 

Fifteen grams of the raw fresh apricot may be considered the mini- 
mum protective dose, and 25 g a reasonable estimate of the minimum 
dose of the cooked fresh fruit. Since the equivalent of 16 g raw or 
cooked fed as S2 appears to be the minimum dose of the sulphured 
dried fruit which furnishes practically complete protection, full re- 
tention of the vitamin value of the fresh apricot is shown by both the 
raw and cooked sulphured dried product. 
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Since at least 8 to 10 g of the processed fruit, S4, equivalent to 29 
to 36 g fresh, must be fed to obtain a fair degree of protection, appar- 
ently one-half the orig- 

yaw inal antiscorbutic ac- 

10 & tivity of the fresh 

fruit is lost. The 

long storage period 

at room temperature 

to which this sample 

had been subjected 

may be of more im- 

portance than the 

processing in explain- 

ing this loss, a sup- 

position borne out by 

the actual loss in both 

vitamin C and sul- 

phur dioxide observed 

in the S2 sample test- 

ed after one year in 

such storage. Stor- 

age at 0° C., the or- 

dinary practice for the 

dried fruit tested in 

i 1 i 4 i i —Ss this laboratory, has 
10 20 30 40 50 60 been found in the case 
Time (days) of several kinds of 

: fruit to permit little 


FIGURE 3.—Average growth curves of guinea pigs fed various quan- 26 +1 . 
tities of raw and cooked processed, sulphured apricots, 84 or no. loss of either 
vitamins C or A 


Freezing storage would therefore appear to be desirable for dried 
fruits in order to conserve these vitamins. 


Gain in weight (grams) 








TABLE 4.—Vitamin A content of raw and cooked fresh apricots 


Average weight of op. | AvVer- 
animals a age gain 
in 
weight 
per 
week 


| | Quan- 

Condition |tity fed length 
daily of 

| | Initial | Final | Gain | period 


Treatment, crop, and water 
content 


|Number| Grams | Grams | Grams | Days | Grams 
Raw f 4 73 | 81 | 8 24 2.3 
Cooked \ 6 j 80 

|; Raw on if 4 72 92 
~ 

f 

\ 


w 


Fresh frozen, 1930 crop, 79.4 per | Cooked 6 113 
cent water. |) Raw 2 | j 105 
9 | 5 89 

| Raw 40-50 9 j 110 

\Cooked 50 6 7 133 

aw E 25 3 | 92 151 
' = 50 i) 5¢ 131 
do 100 | 8 | 7 148 

er ee 150 | 3 | i 149 
.do_. 200 | 3 181 


SNe ° 
wn Oe “1 bo te 


\" 
Fresh frozen, 1928 crop, 82.9 per ‘ 
cent water. : 


pse 
owoeoc 
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‘ABLE 5.—Vitamin A content of raw and cooked, sulphured and unsulphured, dried 
apricots 


of 


Quantity fed Average weight 
daily of animals 


Retention of 
vitamin A of 
fresh fruit 
(per cent) 


Treatment and | Lot! Condi- 
water content No. tion 


length 


period 


per week 


fresh fruit 
Average gainin weight 


Dried fruit 
Equivalent in 


Rats used 
Average 


Gms | Gms 

Raw 
Sulphured sun- | Cooked 

dried, 17.5 per |;S2_.|]}Raw . ' 5 5 h 5iiRaw, 26-41. 

cent water. Cooked_\{"" = 5 5 5.4 Cooked, 25-33 
Raw 
Cooked 
Raw 
Unsulphured sun- Cooked 

dried, 14.7 per |;S% Raw 

cent water Cooked 


ee 


Raw, 18-24. 
Cooked, 9-20. 


Processed sul- 
phured sun- 
dried, 24.9 per 
cent water. 


Ow S10 wes 


Raw, 18-29. 
Cooked, 18-23. 








Cooked “If 
jRaw - 


= 


Sulphured sun- 
dried, 1928 crop, 
17.5-19 per cent | 
water. 


“1 


THE VITAMIN A TEST 


The methods used in testing for vitamin A were the same as have 
been previously used in this laboratory (5). The cooked doses of 
both fresh and sulphured dried fruit appeared to support somewhat 
better growth (Tables 4 and 5 and fig. 4) than did the raw. This 
may be due to better iatestinal absorption of the former, possibly 
through the destruction of the oxidases known to be present in fresh 
apricots (2) or to some other factor by which better carotene absorp- 
tion is assured, a process upon which vitamin A utilization appears 
to depend (1). The vitamin A value of the fresh apricots of the 1930 
crop as shown in Table 4 is somewhat lower than that found for the 
1928 crop. The sulphured dried fruit, 52, showed values (Table 5) 
quite similar to those of the corresponding 1928 sample. The proc- 
essed fruit, $4, appeared to have a slightly decreased vitamin A value 
and the unsulphured, dried apricot, S53, showed somewhat greater 
loss when compared with both the fresh and the sulphured dried 
products. The percentage retention by the dried samples of the 
vitamin A of the fresh fruit was calculated by comparison of the dose 
(in terms of fresh-fruit equivalent) required to provide the same 
amount of growth by the fresh and dried fruit. Thus, since a 90-mg 
equivalent of S2 raw and 30 mg of fresh raw apricot, S1, allow an 
average weekly gain of 5.7 and 4.7 g, respectively, S2 may be said 
to retain about 33 per cent of the vitamin A activity of the fresh 
apricot. Of course such comparisons can be made only roughly and 
no claim is put forward for finely drawn distinctions among the per- 
centage retentions given in Table 5. Nevertheless it seems reason- 
able to assume that 26 to 41 per cent of the vitamin A is preserved in 
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the raw sulphured sun-dried fruit, S52, and 25 to 33 per cent in the 
cooked samples of the same lot; 16 to 28 per cent in the raw unsul- 
phured dried sample, $3, and 9 to 20 per cent of the cooked; 18 to 38 
per cent in the raw processed sulphured fruit, S54, and 18 to 23 per 
cent of the cooked. (The cooked fresh fruit is compared with the 
cooked dried samples and the raw fresh with the raw dried.) The 
order of decreasing retention value appears to be S2, S4, 83, for both 
raw and cooked doses as illustrated in Figure 4, and some loss due to 
cooking appears to occur in the unsulphured lot, $3. 

Attention is called to the unusually high vitamin A content of 
apricots, a characteristic undoubtedly connected with their pigmenta- 
tion by carotene. A comparison of the carotene and vitamin A values 
of these apricot samples was made and found to exhibit a close correla- 
tion (7). In terms of the Sherman and Munsell (9) units, the raw 
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FIGURE 4.—Average weight increases of rats fed 22.5 mg daily of raw and cooked dried apricots: Sulphured 
sun-dried, 82; unsulphured, sun-dried, 83; processed, sulphured, sun-dried, 84 


fresh apricots contain 18,000 units per pound, the cooked fresh apri- 
cots, 30,000 units per pound, the sulphured and unsulphured dried 
fruit about 20,000 units per pound. These values are about the same 
as those for butter, cheese, cream, and spinach and are exceeded only 
by liver, cod liver oil, and certain other liver oils. 

In terms of the international vitamin A unit recently adopted by the 
Leagues of Nations Health Organization, 0.001 mg carotene, the 
fresh apricot, $1, contains 18 to 21, $2 55 and 83, 51 units per gram (7). 
These calculations are made from the colorimetric determination of 
‘arotene in the samples. If the biological test for carotene be used and 
the growth value of 0.001 mg carotene in vitamin A depleted rats be 
accepted as 6 to 8 g per week for eight weeks (7) the value for the fresh 
apricots becomes 22, for the sulphured dried 33, for the unsulphured 
dried less than 33, and for the processed sulphured dried 27 units per 
gram. The corresponding figures in units per pound are close to 


















































































May 1, 1988 Effect of Cooking on Vitamins of Apricots 849 


10,000 for the fresh fruit, 15,000 for S2, something less than 15,000 for 
S3, and more than 12,000 for S4. 

It seems desirable to express the vitamin A value of foods in terms 
of the international unit but as may be seen in this case it is apparently 
not yet safe to attempt to use colorimetric instead of biological 
methods for assay. 

SUMMARY 


The cooking of fresh apricots, preserved by freezing, reduced their 
vitamin C content approximately 30 to 50 per cent. Similar cooking 
of sulphured dried apricots of the same origin had less destructive 
effect upon this vitamin. It is suggested that the sulphur dioxide in 
the dried fruit may protect the vitamin C during the cooking as well 
as during the drying process. 

The unsulphured dried fruit was again found to be lacking in anti- 
scorbutic activity, but the dried sulphured product appeared to retain 
the full vitamin C value of its fresh fruit equivalent. 

Commercially stored, processed, and resulphured dried apricots 
were found to have lost approximately one-half the antiscorbutic 
property of the fresh fruit but to have retained the remaining vitamin 
C throughout the cooking process. 

Storage of the sulphured fruit at room temperature in closed cans 
for one year produced a loss of 60 per cent of its vitamin C and 31 
per cent of its sulphur dioxide. Soaking this fruit in water for 2 hours 
and then boiling it vigorously for 15 minutes made no change in its 
vitamin C content but occasioned the loss of approximately one-half 
of its remaining sulphur dioxide. 

The vitamin A value of the cooked fresh fruit was found to be 
somewhat greater than that of the corresponding raw fruit. This is 
ascribed to better intestinal utilization of the former, possibly because 
of enzyme destruction or because of better carotene absorption. 

Little change in the vitamin A value of the dried fruit samples was 
brought about by cooking, but the losses caused by the drying process 
amounted to 59 to 74 per cent in the sulphured, 76 to 82 per cent in 
the unsulphured, and 71 to 82 per cent in the processed fruit. 

Attention is called to the extraordinarily large vitamin A content 
of both fresh and dried apricots which are equal in this respect to good 
butter, cheese, cream, and spinach. The number of international 
units of vitamin A (0.001 mg carotene) per pound is calculated to be 
about 10,000 for the fresh raw apricots and 12,000 to 15,000 for the 
dried fruit. 
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INSECTS COLLECTED ON APPLE BLOSSOMS IN WESTERN 
NEW YORK' 


By E. F. PHrtuips 


Professor of Apiculture, Department of Entomology and Limnology, New York 
(Cornell) Agricultural Experiment Station ? 


INTRODUCTION 


In a study of insects in relation to the pollination of fruit blossoms 
in any district, one of the first questions which arises is how many 
and what varieties of insects are naturally available for this important 
work. It might be expected that if, in any given area, the number 
of trees in bloom at any one time is large, the number of individual 
insects per tree will be smaller than in an area with few trees, unless 
the district of large orchards happens to be one unusually suitable for 
the propagation of the species of insects which pollinate the blossoms. 
It is recognized by horticulturists that a lack of pollinating insects 
results either in the setting of few fruits or in defective pollination, so 
that not all five parts of the apple contain seeds, and the fruit is either 
defective or drops before ripening. It is well known that in many of 
the commercial fruit areas there is a sparsity of insects. In order to 
get a more accurate picture of the insect population of one fruit area 
of New York State, collections were made in the spring of 1931 from 
apple trees in a section of Monroe County. The results of this work 
are briefly recorded in this paper. 

Monroe County, N. Y., is in about the center of the western New 
York fruit belt lying along the south shore of Lake Ontario. The 
part of the county in which collections were made lies in the former 
glacial-lake bed on flat land, the only variation in relief being that 
where the southernmost orchards were located the land surface is 
slightly more rolling. The most dense areas of fruit lie nearest the 
lake, and within a mile or two of the lake there is a pronounced retarda- 
tion of the season in spring due to the influence of the large body of 
water. This is indicated by the considerably later blooming of the 
trees in orchard A in this work. In the county apple growing pre- 
dominates, and as a rule the orchards receive excellent care. Because 
of the high valuation of the land, the amount of waste land is not 
great, but more waste land is found nearer the southernmost orchards, 
which are outside the typical fruit belt. Aside from orcharding, 
mixed farming and dairying are practiced, and near the city of 
Rochester there is considerable truck farming. 


' Received for publication Oct. 10, 1932; issued Puen, 1933. 

2 The writer is indebted to the following persons for the identification of the insects collected: The solitary 
bees, to Grace Sandhouse, of the U. 8. National Museum, and the other Hymenoptera, to P. P. Babiy; 
the Diptera, to O. A. Johannsen; the Lepidoptera, to W. T. M. Forbes; and insects of other orders 
(usually not important for pollination), to Doctor Babiy. 
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METHOD OF PROCEDURE 
Collections * were made in seven orchards, hereafter referred to as 
orchards A, B, C, D, E, F, and G. Honeybees were not collected, 
but all other insect visitors to apple blossoms were taken whenever 
found, whether or not they may be considered valuable in pollina- 
tion. Work was begun in each orchard practically as soon as any 
blossoms were open, and collection each day was begun as soon as 
insects visited the flowers and ended either with the oncoming of 
darkness or because of rain or some such meteorological phenomenon 
which stopped insect flights for the day. No night collections were 
made, since during the entire period the temperatures at night were 
too low for insect flight. 

Not all the collectors were able to spare time to work during the 
full period of apple blossoming, and changes were made in the per- 
sonnel in the several orchards from time to time. Six of the orchards 
were in bloom at one time, but the one nearest the lake (orchard A) 
came into bloom just after the trees in all the other orchards had 
dropped their petals. In orchard A collections were made for two 
days only, just after the blossoms opened, and to compensate for the 
shorter time, four collectors worked there the first day and two the 
second day, until stopped by rain. The number of hours in which 
collections were made in each orchard was not the same, and the data 
on the hours of work and the number of collectors are given later in 
this paper. The total man-hours of collecting for all seven orchards 
was 459. 

Each hour’s catch in each orchard was placed in a separate capsule, 
with a record of the locality and time. In each orchard hourly records 
were made of temperature, condition of the sky as to cloudiness, 
approximate wind velocity, and other meteorological phenomena 
which could be recorded without the use of instruments. It was 
thus possible in some degree to correlate the prevalence of the 
different species with conditions existing at the time of the visits to 
the blossoms. Temperatures were taken in the shade, whereas, of 
course, the insects were usually flying in the warmth of the sunshine 
when the sky was clear, but even a record of shade temperature gives 
some idea of the temperature conditions under which the insects 
visited blossoms. The estimates of the different collectors regarding 
light conditions and the degree of cloudiness were too variable to make 
the data useful in correlations. This is especially to be regretted 
because of the noticeable effect of sunshine on the flight of insects, 
especially solitary bees. 

After collection was completed the insects were pinned, and with 
each individual insect was placed a record of the time and place of its 
capture. 

BRIEF DESCRIPTION OF THE ORCHARDS 


The part of orchard A, where the most collecting was done, consists 
of 7 acres of MacIntosh apple trees. Adjacent on the north are 
3 acres of Rome Beauty trees, on the south is a mixed orchard of older 
trees, and on the west is a larger orchard of older Baldwin trees. The 


> The collections were made by W. E. Blauvelt, F. G. Butcher, Chi-tung Chen, P. W. Claassen, C. R. 
Crosby, G. F. MacLeod, W. D. Mills, W. A. Rawlins, G. H. Rea, G. W. Simpson, D. O. Wolfenbarger 
and the author. 
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trees are in excellent vigor. The set of fruit in 1931 was rather light, 
except on trees adjacent to the Rome Beauty trees, which came into 
bloom before the petals had fallen from the MacIntosh trees. The 
south side of the MacIntosh block bore a heavy crop in 1930, which 
may have reduced the crop of 1931. In the MacIntosh block insects 
(including honeybees) were rather scarce during the first part of the 
blooming period, although nectar was observed in the blossoms. 
Later on the honeybees were observed to be working well. Large 
branches from blossoming Oldenburg trees were placed in this orchard 
to provide pollen for the cross-pollination of the MacIntosh blossoms, 
and during the two days of collection in this orchard insects were more 
abundant on these branches than on the trees. During the first day a 
heavy catch of Halictus provancheri was made from one side of an 
Oldenburg tree in the old orchard to the south. There is little waste 
land near this orchard. This orchard is in the northwest corner of the 
county within sight of the lake. 

Orchard B consists of 10 acres of mixed varieties (19 in all), not 
in the best of vigor. The trees are about 20 years old. About one 
fourth of the trees did not bloom in 1931, and about half bore prac- 
tically no fruit. The set of fruit on some trees was good. Part of 
the orchard appears to be poorly drained, and there was small termi- 
nal growth. Control of injurious insects is not especially good. 
Directly across the road from this orchard is a neglected pear orchard 
in old sod, only a few trees of which bore fruit in 1931. This block 
of pear trees was visited abundantly by Eristalis arbustorum, and the 
pear blossoms appeared to attract these insects more than did the 
apple blossoms across the road which were in bloom at the same time. 
The insects had been breeding in a polluted ditch along the roadside 
between the two orchards. There is some waste land and meadow 
land near this orchard, which is in the northwest corner of the county 
about 2 miles from the lake. 

Most of the collecting in orchard C was done in a block of about 
15 acres of old trees, the varieties being Baldwin, Rhode Island 
Greening, Twenty Ounce, and Oldenburg. Adjacent to the block 
of old trees is a block of about 25 acres of younger trees in which some 
collections were made. Drainage is poor, and insect and disease con- 
trol is not satisfactory, being attempted solely by the applications of 
dusts. The set of fruit in the old orchard was good and in the young 
orchard only fair. A few bouquets of blossoms of other varieties 
were used in this orchard but showed no local effect on the set of 
fruit. Surrounding these orchards are many other blocks of apple 
trees, the orchards being located in the midst of abundant plantings. 
There is little waste land, but there is a wood lot to the north of the 
young orchard. This orchard lies east of orchard B and is about 
1}, miles from the lake. 

Orchard D consists of two blocks on opposite sides of the road, 
separated by cultivated fields. In one block is a solid planting of 
Northern Spy about 20 years old, in good vigor and well sprayed. 
In this block the blossoms were pollinated by hand and the set of 
fruit in 1931 was good, but this can not properly be attributed to 
insect visitors. Adjacent on the east is a block of woodland, and on 
the south are open fields, partly under cultivation. The other block 
consists of Baldwin trees about 50 years old, the block being somewhat 
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thinned by loss of trees. There is an adjoining wood lot on the 
west and some open fields near by. More collections were made in 
the Baldwin block than from the Northern Spy. The set of fruit 
on the Baldwin was good in 1931. This orchard lies south of orchard 
C and is about 2% miles from the lake. 

Orchard E was merely a row of eight apple trees along a roadside, 
south of the densely planted fruit area. The trees, which are in a 
totally neglected condition and in poor vigor, are surrounded by 
meadows and open fields with wide fence rows. Within a mile in 
ach direction there were not to exceed 25 apple trees and not much 
other attraction for the insects that habitually visit blossoms. This 
group of trees was selected for the purpose of comparing their con- 
dition with that of trees in the typical fruit area. These trees prob- 
ably did not produce a perfect apple in 1931. This group of trees is 
about 15 miles directly south of orchard D. 

Orchard F consists of about 5 acres of mixed varieties, interplanted. 
The trees are in good vigor and color and are making good growth. 
The Northern Spy and Baldwin trees in this orchard did not bloom, 
but other varieties bloomed abundantly. The orchard is surrounded 
by woods, waste land, open fields, and other fields under cultivation. 
There is an old orchard of a few trees adjacent, from which collections 
were not made. Orchard F lies outside the fruit area and was selected 
for this reason. The set of fruit in 1931 was good for the varieties 
which bloomed. This orchard is 2 miles south of orchard E. 

Orchard G consists of about 50 acres, about 20 acres of which 
are Rhode Island Greening, with only occasional other varieties 
interspersed. The remainder consists of interplanted Baldwin and 
MacIntosh trees. The trees were formerly neglected and were in poor 
vigor but have recently been brought to much better condition. This 
commercial orchard was selected because there are no other orchards 
near it, and there is considerable waste land, swamp land, and 
woodland near by. These trees bore heavily in 1930, which may 
have had some effect on the 1931 crop. This orchard was remarkable 
for the sparsity of all insects in the spring of 1931, only 32 insects 
being taken in 53 hours of collection, 3 of which are valueless for 
pollination. Honeybees were not abundant but doubtless out- 
numbered all other insects 100 to 1. The Baldwin trees bore a fair set 
of fruit on those trees that were in good vigor. The set on MacIntosh 
and Rhode Island Greening trees was practically nothing, except for 
a few apples on a small number of Rhode Island Greening trees which 
immediately adjoined some Rome Beauty trees that bloomed at the 
same time. This orchard is in the southeastern part of the county 
and outside the fruit belt. 


INSECTS COLLECTED 


While the weather during the apple-blossoming period was cold at 
night and rain interfered with insect flight on some days, there were 
also some days and parts of days which were excellent for insect 
flight. In general there were no unusual weather conditions during 
this season, so that the small total number of insects captured can not 
be attributed to unfavorable weather. 

The outstanding result of this work was the small number of 
individual insects captured. While the several orchards differed in 
the number of insects and in the relative abundance of different species, 
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in none of them was the insect population abundant. This applied to 
the orchards in the typical fruit area to a more marked degree than to 
those south of the fruit area, but orchard G, also south of the fruit 
belt, was the least well provided with wild insects. 

In the 459 man-hours of collection only 3,555 individuals were 


~~ -—e: 


taken, an average of only 7.75 insects per man per hour. The number 
of identified species of insects is 145, but a number of specimens were 
taken for which specific determinations are not now available. This 
may be considered as a fair representation of the number of species 
but not of the number of individual insects. During many hours of 
the collecting period it was impossible to find a single insect on the 
apple blossoms, their absence being due either to cool weather, lack 
of sunshine, or to the scarcity of the insects. Although this was the 
first year in which systematic collections were undertaken in Monroe 
County, yet from the casual observations of earlier years and from 
the general experience of those who have visited these orchards, the 
small number of insects collected is not surprising. 

The most abundant wild insects visiting apple blossoms were flies 
(Diptera) and solitary bees (Hymenoptera). In the collections of 1931 
the Diptera somewhat outnumbered the Hymenoptera, as will be 
seen from the tables which follow. In addition, some Lepidoptera 
were taken, chiefly of one species, and there were also some Cole- 
optera and other insects which play little, if any, part in pollination. 
The Lepidoptera, Coleoptera, Hemiptera, and Neuroptera are not 
here recorded. While probably all the Hymenoptera, with the excep- 
tion of the wasps, are helpful in pollination, this is not true of all the 
Diptera. Some of the smaller flies can not be considered as valuable 
for pollination. Of the 2,056 Diptera captured, probably at least 200 
individuals are too small to be of much value to the fruit grower. 


DIPTERA 


In Table 1 are listed all Diptera captured, and for each species is given 
the number of individuals taken in each orchard. The prevalence of 
Eristalis arbustorum has already been mentioned in the description of 
orchard B. A considerable number of individuals of this species are 
listed in the table under ‘“ Miscellaneous,”’ these being the flies taken 
in the pear orchard across the road from orchard B. If individuals of 
Eristalis had been taken as often as possible, the number for orchard B 
would have been many times as great, but for most of the collecting 
period an effort was made to find other species. 


TABLE 1.—Diptera collected and frequency of each species, by orchards 


: | 
Frequency of each species by orchards | 
indicated Mis- 
Species and sex cella- | Total 
neous 
D 


Aedes sp 

Camptocladius byssinus 
Psectrocladius sp., females 
Cricotopus bicinctus - 
Cricotopus trifasciatus 
Tanytarsus sp__..... 
Chironomus aberrans, females 


Chironomus sp., males- - - 
Chironomus spp - - 
Sciara sp., females. ..........---.-- 
Sciara sp., males........-- 
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indicated 





















































Species and sex 


A B Cc D E F G 


Bibio ranthopus, females 


sipirdeesinisctediniaslbaiie iia 4 1 1 5 l 

Scatopsa notata __.. . cvubeebeus . . = | ‘seiapel 
Simulius venustum : - — * nes 2 2 ] 2 
Stratiomyia sp é " 1 
Tabanus lasiophthalmus a : 3 
Rhamphomyia spp enege ousengdecunadicnnanes eid . l 6 
Toromerus marginatus, females ‘ re: 2 2 1 ia 
Toromerus marginatus, males.......-.-- ae l 
Pipiza pisticoides ncaa a J 1 pitinton 1 
Platychirus hyperboreus, females. _- “ 1 |. 
Platychirus hyperboreus, males. -.-.....-.-. : 1 ‘ 
Platychirus peltatus, males-_...............-.- ee ania aA ee aS 
Melanostoma mellinum, females ; : . 1 2 
Melanostoma obscurum, females 2 3 18 4 
Melanostoma obscurum, males : 2 
Syrphus americanus, females — . 2 10 2 5 1 
Syrphus, americanus, males 1 1 R a 
Syrphus arcuatus, females_. eae 1 1 1 . 
Syrphus arcuatus, males. - - - Ae Daan 1 l 
Syrphus ribesii females ‘ 2 9 3 3 5 
Syrphus ribesii, males _------- 2 ene 
Syrphus torvus, females - - - . 3 ve l 4 16 7 4 6 
Syrphus torvus, males 5 l 12 15 3 7 
Allograpta obliqua, females 2 1 1 2 2 t. 
Sphaerophoria cylindrica, females " 4 | 7 12 6 2 19 
Sphaerophoria cylindrica, males 10 6 15 6 21 
Eristalis arbustorum, females a) 172 80 6 2 10 
Eristalis arbustorum, males... 15 111 65 15 5 
Eristalis bastardi " = ican 2 5 1 
Eristalis dimidiatus..............---- aassccbiaten : 1 2 2 3 
Eristalis flavipes 3 2 
Eristalis tenax 5 2 3 1 2 
Helophilus hamatus, females 1 1 
Helophilus similis, females. 2 1 2 i 
Syritta pipiens, females l | 1 
Syritta pipiens, males ‘ 2 1 | 
Criorhina verbosa, females ‘ ] 
Myopa vesiculosa 2 1 
Tachinidae spp 1 1 10 | 2 17 9 
Sarcophaga sp 1 3 10 2 10 11 
Phormia regina | 4 15 
Protophor mia terrae-novae - - - 1 
Cyanomyia cadaverina 2 1 1 l 
Calliphora vomitoria i 1 l 3 
Lucilia caesar 3 1 1 1 l 
Lucilia sericata 2 2 1 2 
Pollenia rudis 1 1 44 6 13 34 
Cryptolucilia caesarion 1 1 l 
Pyrellia cyanicolor |. 3 1 17 | 
Morellia micans pe 1 5 6 | 
Muscina assimilis . - | 1 | 
Muscina stabulans r J 2 l 9 3 
Myospila meditabunda 1 2 10 q 
Fannia canicularis, females 7 2 9 
Fannia canicularis, males 3 14 1 10 
Hylemyia brassicae, males 1 5 47 6 | 5 
Hylemyia calicrura, males 5 | 5 17 ) y 32 
Hylemyia sp., females 5 | 3 81} 22 15 5 
Ilylemyia sp., males 3 21 | 3 3 
Pegomyia affinis, males . . BA | 1 
Scatophaga furcata, females —_ 2 1 | 
Scatophaga furcata, males : \ . BD ine 
Scatophaga stercoraria, females _ - } 4 1 
Scatophaga stercoraria, males - ; 4 2 2 | 
Sphaerocera pusilla Seen ani : 1 
Sphaerocera subsultans : 7 
Leptocera sp ' 2 
Lonchaea polita ‘ 1 3 1 
Sepsis pectoralis___. 2 | 1 | 
Sepsis sp., females 3 1 
Nemopoda cylindrica : 3 
Piophila sp 1 | 3 
Chloropisca glabra D Brann | 
Crassiseta costata__. ‘ 5 
Botanobia nitidissima r a 2 
Mallochiella glabra ; ae 3 |.- 1 6 

a . -| 95 | 337] 553 | 169] 161) 430 
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Mis- 
cella- 
neous 
i ‘ 
¥ 1 
> 
1 jf 
2 4 
S 4 
1} 151 
102 

. 
1 
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1 
i 
i 2 

1 
1 1 
1 
2 2 
4 9 
4 
1 1 
1 
1 
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Of the Dipthera found on apple blossoms the syrphid flies (Syr- 
phidae) are most valuable, and 1,095 individuals of this family are 
included in the collection. These flies are fairly well distributed in 
the different orchards, except in orchard E and in orchard G in 
which, as already mentioned, there was a general lack of all insects. 

No effort has been made to list the Diptera according to the time of 
day and temperature conditions at the time of capture, as is done 
later for the solitary bees. Flies may be taken for many more hours 
of the day than solitary bees, because the flies do not return to nests 
at night or during inclement weather. At cool or cold temperatures 
they are harder to find and are inactive; so that while they may often 
be taken at lower temperatures, this does not imply effective work in 
pollination except at temperatures suitable for flight. It was noted in 
orchard B that Eristalis abandoned the blossoms when the wind was 
rather strong and was not often seen at the lower temperatures which 
occurred during the blooming period. 


HYMENOPTERA 


For the solitary bees, which are often so important in the pollina- 
tion of fruit blossoms, certain additional information is of interest. 
During the progress of collecting, it was noticed that the solitary 
bees ceased their visits to the blossoms rather early in the day, not 
being taken abundantly after about 3 p.m. Data for each species 
of the two more important genera, Halictus and Andrena, showing 
the distribution by orchards (as for the Diptera), the lowest tempera- 
ture at which captures were made, and the latest hour of the day when 
they were caught the average temperature, and time are given in 
Tables 2 to 5. The tables show that Halictus stops work earlier 
than does Andrena, perhaps because of the smaller body size of the 
individual bees of the genus Halictus. It was found as the work 
proceeded that in late afternoon only the larger bees were to be seen. 


TABLE 2.—Insects of the genus Halictus collected and frequency of each species by 
orchards 


Frequency of each species by orchards 








Total 


indicated Mis- 
Species of Halictus | cella- | Total 

neous 

A B ( D E F G | 
a = amet oe E a= l 13 - 15 
brycinei___. Z cbiieavos sainitadh — 3 5 3 ] 10 3 = 2 27 
cearuleus _ _ - os sa Seciiecianliiiea aa ait ‘ . ‘ 1 aia 1 
coriaceus__._- ion ‘ .  édiniennion 3 3 2 5 6 1 20 
divergens__- sac . ctiiail ‘. 1 | . 1 
EOS eal 6 9 4 8 8| 25 2 | 62 
lineatulus____- ; = . ‘ 3 2 15 31 1] 1 | 63 
nubilis___ ‘ = - > 2 | } 2 
nymphaearum__........-- al l | l cae l 2 ol 5 
obscurus.. " ‘ = | | 15 | 15 
pilosus__.. ‘ maniacal vee =, 1 2 | 3 
SS SP ae 88 14; 2 | 10| 99 | 34 | 3 268 
quebecensis_.... Gielen emer sunioee -----| | | - 1 
a eat ; Seachio’ SPT Se 7M 2] 5 ‘a 6 and 13 
versatus . ae ens nila l 1 4 12 | 6 24 
(Chloralictus) sp-_-- scsi 2 1 2 | 8 8 | 7 | 1 29 

hh | 

{ 
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TABLE 3.— Temperature and time data in regard to the collecting of the genus Halictus 


Temperature 
. > Average 
sot Last hour Hour when A verage 


Species of Halictus nese ecilacted © most time col- 
abundant lectec 
Lowest | Average ers ected 


arcuatus ‘ 5¢ 70 | 1.30 p.m. | 1.30 p.m. | 12.00m 
brycinei hua | 1.00 p. m. |12.00 m. 10. 30 a. m 
caerulus “pal | 12. 30 p. m. aad 
coriaceus . 55 | 5 3.30 p. m. (10.00 a. m. | 11.30 a.m 
divergens : 6 -------|12.00 m. 
lerouzii ‘ -| 5é y 3.30 p.m. | 1.00 p. 11.30 a. m 
lineatulus : j 7 | 2.00 p.m. | 1.00 p.m. | 12.00m 
nubilis ; } j : es 
nymphaearum 
obscurus 
pilosus 3 b 
provancheri 4s 73 }°4.30p.m. |10.00 a.m. | 11.00 a. 
quebecensis “ 83 é ; | 
sparsus - 65 7 2. : .m, | 2.00 p. m. | 12.30 p. 
versatus } 60 6 | 2. .m. |10.00 a.m. | 11.15 a 
(Chloralictus) sp f — 52 K 

' 


8. 30 a. m. 9.15 a. 


57 





# Collections were kept separate hour by hour. The time indicated is the beginning of the hour. The 
hours of cellecting began either on the even hour or the half hour. 

» This bee was collected at an air temperature of 83° F., with bright sunshine. Omitting this individual, 
the last hour of collection for this species was 2.30 p. m. 


TABLE 4.—Insects of the genus Andrena collected and frequency of each species by 
orchards 


Frequency of each species by orchards 
indicated Mis- 
Species of Andrena and sex cella- | Total 
neous 


carlini, females 
carlini, males . 
claytoniae, females 
claytoniae, males 
crataegi, females 
crataegi, males 
comoda i 
flavoclypeata, females 
flavoclypeata, males 
forbesi, females 
forbesi, males 
hippotes, females 
hippotes, males 
mandibularis, females 
mandibularis, male 
milwaukeensis 
multi plicata - 
nivalis, females 
nivalis, males 
personata, female 
placida, females 
rugosa, females 
rugosa, male. 
vestita, females_- 
vestita, males... 
vicina, females. . 
vicina, males. 
wilkella R 
Andrena spp. 


—Ie Sr enwwonw 


Total... 
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TABLE 5.— Temperature and time data in regard to the collecting of the genus Andrena 


Temperature 
he A vers 
Last hour Hour when; Average 


Species of Andrena and sex collected? | , , — ; = ~¥ 
Lowest | Average abundan ectec 
| 
°F, af 

carlini, females ‘ ov 48 64 | 4.30 p.m. 1.00 p.m. | 12.30 p.m. 
carlini, males. a 53 61 2.00 p.m. | 10.00 a.m. | 11.00 a.m 
claytoniae, females pacoasaenae 60 1.30 p.m. |_- oa 
claytoniae, males ‘ 60 12.00 p.m 
crataegi, females. : . 66 ..| 12.30 p.m. ; 
crataegi, males__- 59 67 | 2.00 p.m. | 10.00a.m. | 11.00 a.m 
comoda —_ 59 3.00 p.m. 
flavoclypeata, females ‘ 59 | 68 | 3.00 p.m. 1.00 p.m. | 11.45 a.m. 
flavoclypeata, males 66 - 10.30 a.m. ee 
forbesi, females 49 65 | 3.00 p.m. | 12.00 m. 12.00 m. 
forbesi, males = 56 64 2.00 p.m 2.00 p.m. | 12.00 m. 
hippotes, females- 46 66 | 3.00 p.m. 1.00 p.m. | 11.30 a.m. 
hippotes, males 54 63 2.00 p.m. 2.00 p.m. | 11.20 a.m. 
mandibularis, females 57 67 3.00 p.m. | 10.00 a.m. | 11.45 a.m. 
mandibularis, male 67 8.30 p.m. 
milwaukeensis 61 66 | 4.00 p.m. 2.00 p.m. 1.25 p.m. 
multiplicata _- 62 <a 10.00 a.m. 
nivalis, females 58 ' 4.30 p.m. ‘ 
nivalis, males - - 54 62 2.00 p.m. | 9.00 a.m. | 11.15 a.m. 
personata, female ; 59 1.00 p.m. | 
placida, females | 2.00 p.m. 
rugosa, females... — | 4.30 p.m. | 
rugosa, male --- : 59 1.00 p.m. 
vestita, females _-. 5 48 67 2.30 p.m. | 10.30a.m. | 11.00 a.m. 
vestita, males_-_--- 60 69 | 2.00 p.m. | 10.00a.m. | 10.30 a.m. 
vicina, females - - - . ‘ 48 63 2.30 p.m. 1.00 p.m. | 12.00 noon. 
vicina, males : 54 * 4.30 p.m. weal 
a . 54 75 3.30 p.m. | 10.00 a.m. | 11.00 a.m. 
Andrena spp------ “ SP Etotiencecnasihe 2.00 p.m. p 


«Collections were kept separate hour by hour. The time indicated is the beginning of the hour. The 
hours of collecting began either on the even hour or the half hour. 


An outstanding difference between species of Halictus and Andrena, 
in comparison with the Diptera, is the fact that the solitary bees 
build nests and return to them not only to supply the nests with food 
but also for shelter at night and in bad weather. This doubtless 
accounts for their absence from the orchards in cold weather and in 
late afternoon. 

A separate tabulation is made for the eight species of bumblebees 
(119 individuals) taken. (Table 6.) The fact that eight species 
were taken indicates that the catch was fairly representative. At 
the time of apple blossoming, only queen bumblebees are to be found, 
for it is at just this time of year that the queens are seeking locations 
for their nests or are constructing the very beginnings of “the nests. 
Several queen bumblebees were seen searching for nesting places 
while this work was under way. Because of the noise which they 
make when they fly, bumblebees usually receive credit for more 
effective work in orchards than seems to be due them. Not only 
are they not abundant at this season, but they often come darting 
into an orchard, visit two or three flowers, and then depart. Because 
of their methods of work, they are unusually effective in pollinating 
those blossoms that they visit. While bumblebees are credited with 
a fair degree of constancy in their visits to a single species on one trip, 
their wide range of flight would seem to reduce their value to the fruit 
grower. The noise which bumblebee queens made as they entered 
the orchards where collections were being made may have attracted 
the attention of the collectors and caused a larger number to be taken. 
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There was in fact some rivalry among the collectors as to which could 
capture the most bumblebee queens, so that the number is doubtless 
a little large for these species. 






TABLE 6.—Solitary bees in genera other than Halictus and Andrena, bumblebees, 
and Hymenoptera other than solitary bees and bumblebees collected and frequency 
of each species by orchards 




























OTHER SOLITARY BEES 











Frequency of each species by orchards 
indicated Mis- 
Species 2: cella- | Total 
neous 
A B ( D I F G 
Agapostemon (THalictus) radiatus 1 1 2 ‘ 
Agapostemon taranus l ae 5 7 13 : 
Augochlora confusa 1 1 16 3 21 Al 
Ceratina calcarata___. l 1 
Ceratina dupla 1 ] 
Colletes inaequalis 2 1 1 
Nomada obliterata ; 1 l 
Osmia atriventris 2 2 4 
Osmia lignaria__- 1 1 l 1 l 5 
Osmia pumila 3 1 1 5 
Sphecodes ranunculi 2 2 1 5 1 11 
Total 6 5 x 7 22 15 1 | 65 
Total for all solitary bees 125 70 87 | 231 321 379 7 13 | 1, 233 : 
# 
BUMBLEBEES 
Bombus affinis | 1 
Bombus bimaculatus 1 2 4 7 
Bombus fervidus 2 4 2 3 5 2 18 
Bombus impatiens l 5 5 13 2 14 1 41 
Bombus perplerus 2 1 5 12 20 
Bombus ternarius_. 1 l 
Bombus terricola_ _- 4 3 4 2 5 1 = 19 f 
Bombus vagans 2 2 4 1 2 1 12 
Total * 7 . _ 5 16 13 31 14 36 2 2 119 








Ophion bilineatum = } 2 
Ephialtes sp 1 3 

Amblyteles atrox (?) “ 1 

imblyteles sp 1 1 
Chrysis coerulans (?) - | 1 
Polistes pallipes 1 

Vespa (Dolichovespula) diabolica 1 2 

Vespa (Vespula) maculifrons 1 1 1 
NXylocopa virginica ] 3 1 











mee ee RO ee 







ee ree 3 | 3 9 






to 
to 
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Tabulations are also made of solitary bees other than those of the 
two genera Halictus and Andrena and for Hymenoptera other than 
the solitary bees (Table 6), but in these cases records by orchards 
and totals are given without records of temperatures. 








PREVALENCE OF HONEYBEES 






While honeybees were not collected, except in a few cases when 
mistaken for Andrena on high blossoms, some impression as to their 
prevalence in comparison with other insects was unavoidable. In 
orchard A, seven colonies of bees, maintained for pollination purposes, 
were located in or immediately adjacent to the orchard. For some 
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reason during the two days when collections were being made in 
this orchard, the honeybees from these colonies were working more 
in a cherry orchard a little over a quarter of a mile away than they 
were on the MacIntosh apple trees, which were just coming into full 
bloom. Later, after the collection of other insects was discontinued, 
the honeybees worked well on the apple blossoms. In orchard C a 
few weak colonies of bees had been placed; in orchard D there was 
one colony of bees; and near orchard F, almost directly across the 
road, Was a small apiary, and honeybees were observed flying freely 
to and from these hives to the trees of the orchard. In the other 
orchards no provision had been made to supply honeybees, but a bee 
tree was discovered not far from orchard B, the colony appearing not 
to be strong. 

The general impression was that in all the orchards honeybees out- 
numbered all other insects combined at least 3 to 1. In orchard G, 
noted for the scarcity of wild insects in 1931, the ratio was easily 
100 to 1. Honeybees, it may be said, are more valuable in the orchards 
where these collections were made than all the wild insects together. 
This appears also to be true for the western New York fruit belt as a 
whole, based on more casual observations. 

The honeybees worked earlier in the morning and later in the after- 
noon than did the wild bees, but bumblebee queens were often 
observed or captured at temperatures too low for honeybee flight. 
Bumblebee queens flew both early and late and were usually about the 
last insects to be seen each day. Honeybees were considerably more 
abundant in the middle of each day, at which time bumblebees 
appeared to be less prevalent. 


THE POSSIBILITY OF INCREASING THE WILD SPECIES 


It seems probable that the scarcity of wild insects on apple blos- 
soms is due to a combination of factors incident to the agriculture of 
the fruit districts. The relatively high land values tend to reduce 
waste land and wood lots and also tend to eliminate the wide fence 
rows which are favored nesting places for some species. Cultivation 
reduces nesting and hibernating places, especially of solitary bees. 
Clean cultivation of orchards, where practiced, still further reduces 
the opportunities for the propagation of wild bees. It is possible that 
the efforts of fruit growers to control injurious insects in some degree 
serves to destroy individuals of those species which are beneficial. 
Beekeepers have observed that dusting destroys many honeybees, and 
it is probably equally disastrous to solitary bees. 

The question naturally arises whether it would be feasible to make 
an effort to provide better conditions for wild insects. For the 
Hymenoptera this does not seem possible in any way that would make 
a practical appeal to fruit growers. For one species of fly (Hristalis 
arbustorum) already mentioned, there appears to be at least a possibil- 
ity of increasing the number, as is suggested by the abundance of these 
insects from the roadside ditch near orchard B. These insects breed 
in polluted water which is not too deep, and which contains an abun- 
dant supply of food for the rat-tailed maggots constituting the larval 
stage of the species. It might be possible to increase the number of 
these insects by providing suitable breeding places far enough from 
residences as not to be offensive. A small preliminary experiment of 
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this kind was carried out during the summer of 1931, and toward the 
close of the season many puparia were in the adjacent soil. There are 
no results of value yet to be reported. Maggots of this species of fly 
are sometimes present by the millions in slow-flowing small streams or 
ditches polluted by cannery or milk wastes,‘ especially those with mud 
bottoms. Within the area of the fruit belt of western New York 
there are numerous canneries from which such waste might originate, 
but only one of the orchards (orchard D) from which collections were 
made was within flight range of such a cannery, and in this orchard 
Eristalis was not abundant. 


CONCLUSIONS 


The sparsity of the population of wild insects in seven orchards in 
Monroe County, N.Y., where collections were, made, is striking, but 
not surprising after some years of casual observations. 

On the basis of the observations made, honeybees outnumbered all 
other insects. 

There seems to be nothing that a fruit grower or group of fruit 
growers may do in a practical way to increase the population of wild 
insects, with the possible exception of certain syrphid flies. 

4 CLAASSEN, P. W. BIOLOGICAL STUDIES OF POLLUTED AREAS IN THE GENESEE RIVER SYSTEM. In N.Y 


State Conserv. Dept. Sup. to Ann. Rept. (1926) 16, A Biological Survey of the Genesee River System 
p. 38-46, illus. 1927 





ECONOMIC STATUS OF THE GREEN STINKBUG WITH 
REFERENCE TO THE SUCCESSION OF ITS WILD HOSTS! 


By W. J. ScHoENE, Entomologist, and G. W. UNDERHILL, Associate Entomologist, 
Entomology Department, Virginia Agricultural Experiment Station 


INTRODUCTION 


There are frequent records of injury by the green stinkbug, Acro- 
sternum hilaris Say, to many species of plants. Green bean pods, 
bolls of cotton,’ the fruit of tomato,’ and the fruit of both peaches ‘ 
and grapes ° are often attacked. Serious injury is generally local and 
somewhat periodic. Studies made in Virginia during the past seven 
seasons indicate that the insect has a distinct preference for certain 
native hosts and that the abundance of the insect depends on the 
presence of these plants. Injury to economic crops usually does not 
occur unless some of the wild plants fail to supply food. In a study 
of some of the causal factors involved in serious injury to Lima beans, 
the crop that has suffered most commonly in this state, the follow- 
ing conclusions have been reached: (1) Wild or uncultivated bushes 
and trees are naturally preferred; (2) a succession of hosts appears to 
be necessary for the insect to maintain itself in numbers; (3) culti- 
vated crops are apparently damaged only when the wild-host suc- 
cession is broken; and (4) severe injury to Lima beans is closely asso- 
ciated with a fungous disease organism.° 

The studies on this pest were made in a farming section about 8 
miles north of Richmond, Va. Clumps of trees occur here and there 
on the farms, and there are numerous tracts of timber. The section 
is partly bounded by the Chickahominy Swamp, which supports a 
dense thicket of native trees and bushes. A commercial nursery farm 
is located in this section. The fields are used for the cultivation of 
nursery stock and general farm crops, and there are a number of 
home gardens and home orchards. Practically all the native and 
cultivated plants of this section are found in this locality, and the 
bugs therefore had an opportunity to select the food preferred. Dur- 
ing the period of time covered by these studies it was possible occa- 
sionally to make collections in other parts of the State and to visit 
farms where serious damage had been reported. 


HOST PREFERENCES 


In Figure 1 some of the host plants are listed. The adult bugs are 
occasionally found on mulberry and blackberry in early summer. 
The other host plants are arranged in the order of apparent prefer- 
ence. The relative rank may vary somewhat for different seasons and 
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localities. While this insect feeds on a number of plants there are 
only a few preferred breeding hosts, and not all of these supply food 
during the main breeding period of adults and throughout the develop- 
ment period of the nymphs. Nearly all adults, eggs, and nymphs 
collected were on American elder (Sambucus canadensis L.), black or 
common locust (Robinia pseudoacacia L.), and honeylocust (Gleditsia 
triacanthos L.), three uncultivated hosts. Only two of these are sea- 
sonally well adapted to serve as hosts, namely, elder and honeylocust. 
Our studies indicate that the insect does not build up a large popula- 
tion when it is dependent on either of these plants. The former has 
the most regular fruiting habit, but farmers often destroy or cut this 
plant back to the ground; therefore, for one season at least, food is 
not available. However, sprouts generally come up and some berries 
are borne the first season, and an abundance of fruit the second year. 
Furthermore, where left undisturbed, other more hardy plants and 
vines tend to crowd out the elder in the course of a few seasons. The 
honeylocust is well adapted to serve as a host, but in 1929 and 1931 
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FIGURE 1.—Principal host plants of the green stinkbug and periods during which the seed pods and 
the fruit are in suitable condition for food as related to the main feeding period of the bug 


it had no fruit in this locality. It appears that this tree frequently 
fails to bear fruit. Wild or black cherry (Prunus serotina Ehrh.) and 
flowering dogwood (Cornus florida L.) are natural breeding hosts with 
fruiting habits that fit in well with the feeding period of the insect, 
but heavy infestation has not been observed on either of these species. 
Many American holly trees (Jlex opaca Ait.) occur in this locality. 
The insect feeds on the berries, but it has been collected on holly only 
at rare intervals. 

It may be noted from Figure 1 that several preferred breeding 
hosts have fruit suitable for food only a part of the season. For 
instance, black locust is a favorite host, but the pods ripen and dry 
by early August, about the time the earliest nymphs mature. The 
same is true of the American linden (Tilia americana L.) and Ameri- 
ean redbud (Cercis canadensis L.), both among the preferred hosts. 
The nymphs perish unless food is supplied the remainder of the 
period by other plants such as honeylocust, mimosa (Acacia angus- 
tissima (Mill.) Ktze., var. hirta (Nutt.)), dogwood, holly, grape 
(Vitis sp.), peaches (Prunus persica (L.) Stakes), or beans located 
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near enough for the nymphs to reach them by crawling. Hence, 
not many insects, as a rule, are found where such trees as black 
locust, redbud, or linden grow alone or together. 

Lima beans (Phaseolus lunatus macrocarpus L.) are the preferred 
cultivated host, the pole varieties being more subject to attack than 
the bush types; however, in the trucking and canning sections where 
Lima beans are grown extensively, serious injury has not been 
observed. In most cases where bean fields were examined the insect 
was not found. 


IMPORTANCE OF A SUCCESSION OF HOSTS 


It appears that a sequence of wild plants in close proximity is 
necessary for this insect to maintain itself. Increase in numbers is 
impossible without such succession. One species of plants, though 
numerous, is not enough. Two, three, or four species growing rela- 
tively close together, or intermixed, appear to be essential. There are 
several reasons for this: (1) Nymphs are largely dependent on young 
or immature fruit or pods, and these are much preferred by the adults; 
(2) the main period during which nymphs are present continues 
about 12 weeks; and (3) the food supply is often cut short by un- 
favorable weather or other causes. Ideal conditions are approached 
where a succession of hosts exists to meet the essential needs of the 
adults, and to cover the development of all the nymphs. An excellent 
natural combination or succession appears to be black locust, honey- 
locust, and mimosa. This combination existed at the nursery in 
the section studied. Another succession favorable to the insect is 
found where either black locust, linden, or boxelder (Acer negundo 
L.) occur alone or together near grapes or growing green beans. 


ATTACK ON ECONOMIC CROPS 


Instances where farm or garden crops have been severely damaged 
so far as observed in Virginia, occurred where the host succession 
was incomplete or broken and the cultivated crop happened to be 
near and in condition to furnish the needed food. Usually the attack 
was made in August when nymphs migrated to the near-by crop 
from some wild host which had ceased to furnish food. Two instances 
of particularly severe attacks on Lima beans in the southern part 
of the State are given as examples. At Disputanta in 1928 practi- 
cally all the beans in a home garden were ruined soon after the middle 
of August. Near by were four large linden trees. Food on lindens 
became exhausted, and the nymphs migrated to the Lima beans 
and grapes. In 1929 the Lima beans were planted a few hundred 
feet distant from the linden trees and were not attacked, although 
the trees were infested and a migration of nymphs occurred as in 
the previous season. Grapes and sweet peppers in the garden were 
severely attacked. There was a distinct migration each year. At 
Drewryville, Lima beans were ruined in one garden in 1929. Ap- 
parently this occurred because elder bushes, which grew in abundance 
on ditch banks and hedgerows, had been cut during the winter and 
the honeylocust trees on the farm bore no fruit pods in that season. 
The elder bushes grew and bore fruit in 1930, and the locust trees 
were full of pods. In mid-July the insects were very plentiful on 
these native plants, but none were found on the Lima beans although 
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they were planted in the same location as in 1929. The locality was 
visited again in early August, 1931. The bugs were found on elder 
bushes but none on beans. 

Lima beans, in gardens at the nursery north of Richmond, even 
when planted close to natural host trees were not appreciably dam- 
aged, although adults and nymphs were very plentiful on the wild 
hosts each season. There was observed some tendency for adults to 
migrate to Lima beans during late July and early August, but this 
movement was too late for much injury, because the majority of the 
eggs had been deposited on native tree or bush hosts. 


TRANSMISSION OF YEAST-SPOT DISEASE 


When Lima beans are attacked, the injury is greatly increased by 
the presence of the bean yeast-spot organism, Nematospora phaseoli. 
In the two bean fields mentioned above, practically all the pods 
dropped off by the middle of August. This disease seems to be 
widespread in eastern Virginia and is generally associated with the 
feeding of this insect. 

NATURAL ENEMIES 


Very few natural enemies have been taken in Virginia except egg 
parasites. The average parasitism of eggs for six seasons at Rich- 
mond ranged from 16 to 27 per cent. In some localities as high as 
55 per cent were parasitized. Six species of egg parasites have been 
reared and identified as follows: Trissoleus euschisti (Ashm.), Anas- 
tatus reduvii (How.), A. pearsalli (Ashm.), A. mirabilis (Walsh), 
Telenomus dimmocki (Ashm.), and 7. podisi (Ashm.). The first two 
named were most numerous. Generally 7. euschisti ranked first, 
and A. reduvii second. <A. pearsalli was third in numbers but never 
numerous. The last three species were scarce. 

Nymphs and adults are parasitized by tachinids. Trichopoda 
pennipes is the only species reared. Parasitism by tachinids has 
been very light except in one or two collections when eggs were very 
numerous on nymphs and adults. In one collection 65 per cent of 
the adults were parasitized. 

SUMMARY 


The green stinkbug, Acrosternum hilaris Say, which is a single- 
brood insect, feeds and deposits eggs by preference on wild hosts 
and requires green pods or fruit for food. The active breeding 
and development period is about three months which is generally 
too extended for one host to furnish a continuous supply of food. 
Studies made in Virginia for seven seasons indicate that a host suc- 
cession is necessary for the insects to become numerous. Further- 
more, it appears that cultivated crops are not severely attacked 
except when the host succession is incomplete or broken. When the 
insect feeds on Lima beans, the pods generally become inoculated 
with a fungous disease which may result in a complete crop failure, 
especially in humid seasons. Among natural enemies, egg parasites 
are most important. Six species of egg parasites have been reared 
and identified. 
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